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ซิงชูว  เถียร : ผลของแอนโทไซยานินในตน้ขา้วโพดม่วงหมกัต่อการตา้นอนุมูลอิสระใน
แพะนม (EFFECTS OF ANTHOCYANIN-RICH PURPLE CORN (Zea mays L.) 
STOVER SILAGE ON ANTIOXIDANT ACTIVITIES IN DAIRY GOATS)  
อาจารยท์ี่ปรึกษา : รองศาสตราจารย ์ดร. ปราโมทย ์แพงค า, 159 หนา้. 
 
โดยไดแ้บ่งการทดลองเป็น 3 การทดลอง ดงัน้ี 
การทดลองที่ 1 ไดท้  าการหมกัตน้ขา้วโพด โดยแบ่งออกเป็น 2 ทรีทเมนต ์ดงัน้ี ทรีทเมนต ์ 

ที่ 1 ตน้ขา้วโพดขา้วเหนียวพนัธุ์ลูกผสม (กลุ่มควบคุม) และทรีทเมนต์ที่ 2 ตน้ขา้วโพดม่วงพนัธุ์
ลูกผสม (กลุ่มทรีทเมนต)์ ซ่ึงผลการทดลองแสดงใหเ้ห็นถึงกลุ่มทรีทเมนตมี์ระดบัของวตัถุแห้ง และ
โปรตีนหยาบสูงกวา่กลุ่มควบคุมอยา่งมีนยัส าคญัทางสถิติ (P<0.05) แต่อยา่งไรก็ตามกลุ่มทรีทเมนต์
มีปริมาณระดบัของพาราโกนิดิน-3-กลูโคไซด ์(P3G) ที่ต  ่ากวา่กลุ่มควบคุม แต่มีระดบัของพีโอนิดิน 
(Peo) และพีราโกนิดิน (Pel) สูงกว่าเม่ือเปรียบเทียบกับกลุ่มควบคุมอย่างมีนัยส าคญัทางสถิติ 
(P<0.05) ดีลพนิิดิน (Del) และมลัวดิิน (Mal) ไม่ตรวจพบในกลุ่มควบคุมในช่วงระหวา่งการหมกั แต่
ในกลุ่มทรีทเมนตไ์ม่สามารถตรวจพบไดห้ลงัจากวนัที่ 7 ของการหมกั นอกจากน้ีระดบัของแอน
โทรไซยานินทั้งหมดในกลุ่มทรีทเมนตล์ดลงอยา่งมาก (P<0.05) จากช่วงแรกถึงวนัที่ 7 ของการท า
การหมัก และหลังจากนั้นระดับของแอนโทรไซยานินคงที่ (P<0.05) เม่ือท าการเปรียบเทียบกลุ่ม 
ทรีทเมนต ์ พบว่ากลุ่มควบคุมมีค่าระดับความเป็นกรดด่าง และค่าแอมโมเนีย-ไนโตรเจนสูงกว่า
กลุ่มทรีทเมนต์อยา่งมีนัยส าคญัทางสถิติ (P<0.05) และเม่ือท าการเปรียบเทียบสารสกัดจากกลุ่ม
ควบคุม พบวา่สารสกดัจากกลุ่มทรีทเมนตมี์การขบัออกของระดบัของ 2,2-ไดพีนี 1-1-ไพคิลไฮดรา
ซีล (DPPH) ที่สูงกวา่กลุ่มควบคุม และมีระดบัค่าของ IC50 ที่ต  ่ากวา่กลุ่มควบคุมอยา่งมีนยัส าคญัทาง
สถิติ (P<0.05) นอกจากน้ีการผลิตแก๊สในกลุ่มทรีทเมนตล์ดลงอยา่งมีนัยส าคญัทางสถิติ (P<0.05) ที่ 
3 ชัว่โมง และมีระดบัของส่วนที่ละลายทนัที (a) และสัดส่วนของกรดอะซิติกต่อกรดโพรพิโอนิกที่
ต  ่ากวา่ ที่ 12 ชัว่โมง แต่ไม่พบความแตกต่างของค่าสงัเกตอ่ืนๆ เม่ือเปรียบเทียบกบักลุ่มควบคุม 

การทดลองที่ 2 แพะนมพนัธุ์ซาแนนที่มีสุขภาพดีที่ผ่านการตั้งทอ้งมาแลว้ จ  านวน 8 ตวั มี
น ้ าหนักตวัเฉล่ีย±ส่วนเบี่ยงเบนมาตรฐาน อยูท่ี่ 41.50±1.84 กิโลกรัม โดยไดท้  าการจดัแผนการ
ทดลองแบบ 4 × 4 ลาตินสแควร์  โดยไดแ้บ่งออกเป็น 4 ทรีทเมนต ์โดยทรีทเมนตท์ี่ 1 คือ กลุ่ม
ควบคุมแบบลบ โดยแพะไดรั้บฟางขา้ว (RSNC); ทรีทเมนตท์ี่ 2 คือกลุ่มควบคุมแบบบวกที่ 1 โดย
แพะได้รับตน้ขา้วโพดขา้วเหนียวพนัธุ์ลูกผสมหมกั (SSPC); ทรีทเมนต์ที่ 3 โดยแพะได้รับตน้
ขา้วโพดม่วงพนัธุลู์กผสมหมกั (APSS) และทรีทเมนตท์ี่ 4 คือกลุ่มควบคุมแบบบวกที่ 2 แพะไดรั้บ
ตน้ขา้วโพดขา้วเหนียวพนัธุลู์กผสมหมกั (SSPP) ที่ไดรั้บการเสริมสารสีจากตน้ขา้วโพดม่วงปริมาณ 
1 กรัมต่อวนั  โดยผลการทดลองพบวา่ปริมาณการกินไดข้องวตัถุแห้ง ไม่พบความแตกต่างระหว่าง 
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ทรีทเมนตอ์ยา่งมีนยัส าคญัทางสถิติ (P<0.05)นอกจากน้ีแพะที่ไดรั้บกลุ่มควบคุมแบบลบ (RSNC) มี
ระดบัปริมาณการยอ่ยไดป้รากฏ ปริมาณการดูดซึมไนโตรเจน และปริมาณการกกัเก็บไนโตรเจนต ่า
กว่าเม่ือเปรียบเทียบกบักลุ่มทรีทเมนตอ่ื์นๆ อยา่งมีนัยส าคญัทางสถิติ (P<0.05) นอกจากน้ีไม่พบ
ความแตกต่างของค่าความเป็นกรดด่าง และค่าแอมโมเนียไนโตรเจนระหว่างทรีทเมนต ์แต่ทว่าใน
กลุ่มทรีทเมนต ์APSS และ SSPP พบว่ามีระดบัของกรดโพรพิโอนิก (PA) กรดบิวทิรก (BA) และ
ปริมาณของกรดไขมนัระเหยง่ายทั้งหมดที่สูงกวา่ และมีสดัส่วนของกรดอะซิติกต่อกรดโพรพิโอนิก
ต ่ากวา่เม่ือเทียบกบักลุ่มควบคุมแบบลบ ในกลุ่มทรีทเมนต ์APSS และ SSPP พบว่ามีปริมาณระดบั
ของการขบัออก DPPH และมีปริมาณซุปเปอร์ออกไซด ์ดิสมูเทส (SOD) ในพลาสมาที่สูงกว่าอยา่งมี
นยัส าคญัทางสถิติ (P<0.05) แพะนมที่ไดรั้บทรีทเมนต ์APSS และ SSPP พบวา่มีปริมาณระดบัของอี
ริวทรอย ์2 ไลค ์2 (NFE2L2) ที่สูงกว่า นอกจากน้ียงัพบว่าระดบัของทูเมอร์ นีโครซีส แฟกเตอร์ 
(TNF) ในต่อมน ้ านมมีระดบัที่ต  ่ากวา่ ถึงแมว้่าทุกทรีทเมนตไ์ม่ส่งผลต่อปริมาณ mRNA ของ SOD3 
และ CAT ในต่อมน ้ านม แต่อยา่งไรก็ตามแพะนมที่ไดรั้บทรีทเมนต ์APSS มีแนวโน้มที่ระดบัของ
การแสดงออกของยนี SOD2, GPX1 และ GPX2 เพิม่มากขึ้น 

ในการทดลองที่ 3 แพะนมพนัธุซ์าแนนที่ผ่านการตั้งทอ้งในระยะให้น ้ านม จ านวนทั้งหมด 
16 ตวั โดยมีน ้ าหนกัตวัเฉล่ีย±ส่วนเบี่ยงเบนมาตรฐาน คือ 41.80±2.92 กิโลกรัม โดยมีสุขภาพดีและ
มีเตา้นมที่ไดส้มมาตร ซ่ึงไดแ้บ่งออกเป็น 2 กลุ่ม โดยแบ่งตามจ านวนวนัในการใหผ้ลิตน ้ านมเฉล่ียที่ 
75 วนั (DIM) โดยใชแ้ผนการทดลองแบบบล็อกสมบูรณ์ (RCBD) และแบ่งออกเป็น 2 ทรีทเมนต์
ดงัน้ี ทรีทเมนตท์ี่ 1 คือ กลุ่มควบคุม โดยแพะไดน้ับ SSS (CSSS) และทรีทเมนตท์ี่ 2 โดยแพะไดรั้บ
ตน้ขา้วโพดม่วงพนัธุ์ลูกผสมหมกั (TPSS) ผลการทดลองแสดงให้เห็นถึงแพะในกลุ่ม TPSS พบว่า   
มีระดบัของ SOD ในพลาสมาและในน ้ านมที่สูงกว่าอยา่งมีนัยส าคญัทางสถิติ (P<0.05) เม่ือเปรียบเทียบ
กบักลุ่มควบคุม นอกจากน้ีแพะในกลุ่ม TPSS มีปริมาณองคป์ระกอบของน ้ าตาลแล็กโตสในน ้ านม
มากกว่ากลุ่มควบคุมอยา่งมีนัยส าคญัทางสถิติ (P<0.05) แพะในกลุ่ม TPSS ไม่มีผลต่อ cyanidin-3-
glucoside (C3G), Del, cyanidin (Cya), Pel และปริมาณ anthocyanins ทั้งหมดในน ้ านม (P>0.05) แต่
ทว่าแพะในกลุ่ม TPSS มีระดบัของ Peo และมลัวิดิน 3-โอ-กลูโคไซด์ (M3G) ในน ้ านม ที่สูงกว่า
กลุ่มควบคุมอยา่งมีนยัส าคญัทางสถิติ (P<0.05)  
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This report was divided into 3 experiments. 

In experiment 1, the corn stovers were ensiled with two treatments: (1) hybrid 

sticky waxy corn stover and (2) hybrid purple waxy corn stover. The results indicated 

that anthocyanin-rich purple corn stover silage (PSS) had exhibited higher (P<0.05) 

levels of dry matter (DM) and crude protein (CP) relative to the sticky corn stover 

silage (SSS). Although PSS displayed a lower (P<0.05) level of pelargonidin-3-

glucoside (P3G), it had higher (P<0.05) levels of peonidin (Peo), malvidin3-O-

glucoside (M3G), cyanidin (Cya), pelargonidin (Pel), and total anthocyanins compared 

to the control. Specifically, total anthocyanins in anthocyanin-rich PSS decreased 

rapidly (P<0.05) prior to 7 days of ensilage, and then remained at relatively stable 

(P>0.05) constants. Compared to the PSS, SSS displayed higher (P<0.05) pH value 

and ammonia nitrogen (NH3-N) content. Compared with the SSS extract, PSS extract 

showed a higher (P<0.05) level of 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging 

activity. Moreover, PSS reduced (P<0.05) gas production at 3 h, immediately soluble 

fraction, and ratio of acetic acid (AA) to propionic acid (PA) at 12 h. 

In experiment 2, eight healthy multiparous Saanen dairy goats were assigned to 

a double 4 × 4 Latin square design. There were four treatments: (1) negative control, 



IV 

 

fed rice straw (RSNC); (2) positive control 1, fed SSS (SSPC); (3) goats fed PSS 

(APSS); and (4) positive control 2, fed SSPC with 1 g/d commercial purple corn 

pigment (SSPP). The results showed that goats receiving RSNC had lower (P<0.05) 

levels of nutrients apparent digestibility, nitrogen (N) retention, and volatile fatty acid 

(VFA) production compared to the other treatments. Dietary supplementation of the 

APSS and SSPP showed higher (P<0.05) levels of DPPH scavenging activity and 

superoxide dismutase (SOD) in plasma. Goats fed APSS and SSPP displayed higher 

(P<0.05) levels of the abundance of nuclear factor, erythroid 2 like 2 (NFE2L2), and 

lower (P<0.05) levels of tumor necrosis factor (TNF) in the mammary gland compared 

with those fed RSNC. Moreover, goats receiving APSS tended to increase (P<0.05) 

the levels of SOD2, GPX1, and GPX2 mRNA expression relative to the RSNC.  

In experiment 3, sixteen multiparous lactating Saanen dairy goats were divided 

into two treatments in a randomized completed block design: (1) control, fed SSS 

(CSSS) and (2) goats fed PSS (TPSS). The results indicated that TPSS had exhibited a 

higher (P<0.05) level of SOD in plasma and milk as well as it led to a significant 

(P<0.05) elevation in milk lactose composition compared to the control. The TPSS 

treatment had no effect (P>0.05) on the milk cyanidin-3-glucoside (C3G), delphinidin 

(Del), Cya, Pel, and total anthocyanins. However, the TPSS treatment resulted in 

higher (P<0.05) levels of Peo and M3G in milk relative to the control. 
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CHAPTER I 

INTRODUCTION 

 

1.1  Introduction     

 Currently, the new natural antioxidants are quite popular due to their safety for 

the consumers. Anthocyanins, as a group of phenolic compounds widely existing in 

the plant kingdom (Bridle and Timberlake, 1997), which exhibit strong antioxidant 

property (Castañedaovando et al., 2009; Canuto et al., 2016). Consequently, they play 

an important role in preventing oxidative injury through their abilities to scavenge free 

radicals (FRs) that cause cellular damage (De Beer et al., 2017). Numerous studies 

have been reported to the flavonoid compounds (including anthocyanins) can be 

reduced oxidative stress (OS) in the ruminants (Hosoda et al., 2012; Suman et al., 

2015; Stoldt et al., 2016).  

 Dairy small ruminants are inclined to OS status due to their intensive metabolic 

demands for maintenance and production (Bernabucci et al., 2005; Castillo et al., 

2006). One study did show that high producing dairy ruminant can be optimized to a 

certain extent by the addition of diets with optimal levels of antioxidant capability 

micronutrients (Sordillo and Aitken, 2009). 

 Various advantages of the silage which including wide range of source of raw 

materials, reduce a lot of insect pests, store in a long time, maintain nutritional content 

of feedstuffs and have higher palatability and digestibility (Nichols et al., 1998). 

Purple corn is an abundance and economic source of anthocyanins colorant and 
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functional ingredient, which has been cultivated in South America, Peru, Bolivia and 

Asia (Jing and Giusti, 2005). Moreover, corn is regarded as an ideal feedstuff owing to 

its high yielding and easier silage properties so that being increasingly favored by 

farmers in tropical countries (Clawson, 1985). Of interest, previous studies 

demonstrated that purple corn by-products, such as the husk, cob, silk, and tassels also 

had abundant anthocyanins (Dykes and Rooney, 2007; Khampas et al., 2013). Thus, 

purple corn by-products seem to be a suitable functional ingredient for ruminants. 

However, those by-products are usually buried or burned after the corn kernels are 

harvested, which pollute the environments, it is not in line with the goal of sustainable 

development. 

 Thailand is a tropical country with hot temperature and a significantly different 

climate from others countries and areas, ruminant roughage must be supported which are not 

available in the dry season (Hare et al., 2009). The process of making silage has become 

common; silage has been an increasingly important source of ruminant forage feedstuff 

(Lounglawan et al., 2011; Lukkananukool et al., 2013). In addition, purple corn is a type of 

field crop that is widely grown in Thailand (Phinjaturus et al., 2016). Recently, farmers and 

researchers in Thailand are looking for new ways to improve ruminant health from the 

perspective of animal nutrition in terms of antioxidant activity. Therefore, the objective of this 

study was to investigate anthocyanin-rich purple corn stover silage (PSS) on antioxidant 

activities and milk production in Saanen dairy goats.  

  

1.2  Research Objectives  

         1.2.1  To investigate anthocyanin-rich PSS on anthocyanin stability, and on in 

vitro fermentation. 
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 1.2.2  To ascertain anthocyanin-rich PSS on antioxidant activities and milk 

production in dairy goats. 

 

1.3  Research hypotheses  

 1.3.1  Anthocyanin compounds in anthocyanin-rich PSS can be stable in 

silage. 

 1.3.2  Anthocyanin-rich PSS has the ability to improve antioxidant activities 

in dairy goats. 

 1.3.3  Anthocyanin-rich PSS has no negative effect on rumen fermentation 

and milk production in dairy goats. 

 

1.4  Scope and limitation of the study  

1.4.1  Anthocyanin-rich purple corn planted in Suranaree University of 

Technology (SUT) farm. 

1.4.2  Saanen dairy goats used in this study. 

1.4.3  Evaluation of anthocyanin-rich PSS on antioxidant activities and milk 

production in dairy goats. 

 

1.5  Expected results  

1.5.1  To provide anthocyanin-rich PSS has the ability to improve dairy goats’ 

health by enhancing antioxidant activity enzymes and modulating the gene expression 

of inflammatory and antioxidant in mammary gland of dairy goats. 

1.5.2  To gain anthocyanin-rich PSS as a source of excellence roughage for 

ruminant, providing a suitable feed for commercial farming. 
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1.5.3  Further study can use the results in this thesis to determine individual 

anthocyanin composition on mammary epithelial cell culture in ruminants. 
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CHAPTER II 

LITERATURE REVIEWS 

 

2.1  Anthocyanins in anthocyanin-rich purple corn  

 As shown in Table 2.1, anthocyanin-rich purple corn displays a higher level of 

anthocyanin content than other sources, probably making it become one of the most 

exciting new super feedstuffs at present (Munoz-Espada et al., 2004; Hosseinian and 

Beta, 2007; Lieberman, 2007). 

 

Table 2.1  Anthocyanin content from different sources. 

Sources Anthocyanin content (mg/100 g) 

Blackcurrant 190~270 

Aronia 1480 

Eggplant (Aubergine) 750 

Marion blackberry 317 

Black raspberry 589 

Raspberry 365 

Wild blueberry 558 

Cherry 122 

Redcurrant 80~420 

Concord grape 326 

Norton grape 888 

Queen Garnet plum 277 

Blood orange 200 

Purple corn (Zea mays L.) 1642 

 

https://en.wikipedia.org/wiki/Blackcurrant
https://en.wikipedia.org/wiki/Aronia
https://en.wikipedia.org/wiki/Eggplant
https://en.wikipedia.org/wiki/Blackberry
https://en.wikipedia.org/wiki/Black_raspberry
https://en.wikipedia.org/wiki/Raspberry
https://en.wikipedia.org/wiki/Blueberry
https://en.wikipedia.org/wiki/Cherry
https://en.wikipedia.org/wiki/Redcurrant
https://en.wikipedia.org/wiki/Concord_(grape)
https://en.wikipedia.org/wiki/Norton_(grape)
https://en.wikipedia.org/wiki/Plum
https://en.wikipedia.org/wiki/Blood_orange
https://en.wikipedia.org/wiki/Z._mays
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Table 2.2  Relative quantitative anthocyanin structures in purple corn materials. 

Compound Anthocyanidin (%)  Materials References 

Cyanidin-3-glucoside       38.34  

 

 

 

Andean 

purple corn 

 

 

 

 

Pedreschi and 

Cisneros-Zevallos 

(2007) 

Pelargonidin-3-glucoside         5.79 

Peonidin-3-glucoside       11.03 

Acylated cyanidin-3-glucoside       25.76 

Acylated pelargonidin-3-glucoside         7.03 

Acylated peonidin-3-glucoside       12.05 

Cyanidin derivatives       64.10 

Peonidin derivatives       23.08 

Pelargonidin derivatives       12.82 

Compound Anthocyanidin (%)  Materials References 

Catechincyanidin-3,5-diglucoside         7.8  

 

 

 

 

 

Bolivian 

purple corn  

 

 

 

 

 

 

 

Cuevas et al. 

(2011) 

Cyanidin-3-glucoside       37.7 

Pelargonidin-3-glucoside         5.4 

Peonidin-3-glucoside         3.8 

Cyanidin-3-(6’’-malonylglucoside)       26.8 

Pelargonidin-3-(6’’-malonylglucoside)         1.7 

Peonidin-3-(6’’-malonylglucoside)         7.5 

Cyanidin-3-dimalonylglucoside         3.6 

Pelargonidin-3-dimalonylglucoside         0.7 

Peonidin-3-dimalonylglucoside         1.1 

Unknown          3.9 

Cyanidin derivatives       75.9 

Peonidin derivatives       12.4 

Pelargonidin derivatives         7.8 
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Figure 2.1  Structures of purple corn anthocyanins (adapted from Aoki et al., 2002). 

PCA-1 = cyanidin3-O-β-D-glucoside; PCA-2 = pelargonidin3-O-β-D-

glucoside; PCA-3 = peonidin3-O-β-D-glucoside; PCA-5 = cyanidin3-O-

β-D-(6-malonyl-glucoside); PCA-6 = pelargonidin3-O-β-D-(6-malonyl-

glucoside);  PCA-7 = peonidin3-O-β-D-(6-malonyl-glucoside). 

 

 Anthocyanidins (or aglycons) are the basic structures of the anthocyanins 

(Figure 2.1). The structure of anthocyanidin consist of an aromatic ring [A] bond to an 

heterocyclic ring [C] that contains oxygen, which is also bonded by a carbon-carbon 

bond to a third aromatic ring [B] (Konczak and Zhang, 2004; Sancho and Pastore, 

2012). There are more than 500 different anthocyanins and 23 anthocyanidins to be 

found in plants, whereas only six are the most common in the plants, namely, 

pelargonidin (Pel), peonidin (Peo), cyanidin (Cya), malvidin (Mal), petunidin (Pet), 

and delphinidin (Del) (Table 2.2; Clifford, 2000).  
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2.2  Metabolism and digestion of anthocyanins in ruminants  

 No information reported the metabolism and digestion of anthocyanins in 

ruminants. However, Hosoda et al. (2009) revealed that the incubation of anthocyanin-

rich corn with ruminal fluid did not cause degradation of total anthocyanins. Similarly, 

Song et al. (2012) showed that the anthocyanins in colored barley had higher stability 

in the ruminal fluid by in vitro technique. However, Leatherwood (2013) indicated that 

anthocyanins from purple-fleshed sweet potatoes extract are susceptible to rumen 

fluid. Thus, these literatures provide a basis for us that anthocyanins in plants are not 

broken down in the rumen; In contrast, anthocyanins pigment or powder or the plants 

extract can be degraded in the ruminal fluid. 

 Anthocyanins are flavonoids, so the possible absorption pathways of 

anthocyanins in plants in the ruminant (Figure 2.2): (1) anthocyanins can be by-pass 

the rumen to reach the small intestine, a small part of are absorbed into the blood, with 

the blood transported to the liver; (2) another small part of the decomposition and 

absorption in the colon microbial to reach the liver; (3) part of the anthocyanins can 

form a cycle in the liver with bile salt secrete into the small intestine; (4) anthocyanins 

can be absorbed into the tissue and metabolites are excreted by the kidneys with urine; 

and (5) the unabsorbed part are discharged with the feces (Gonthier et al., 2003). 
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Figure 2.2  Possible pathways of anthocyanins absorption, metabolism, distribution, 

and excretion in ruminant (modified from He and Giustia, 2010). 

  

2.3  The relationship between anthocyanins and free radicals  

 In normal condition, Superoxide (O2
-.
) is converted in hydrogen peroxide 

(H2O2) by superoxide dismutase (SOD); and then converted in water (H2O) by the 

activity of glutathione peroxidase (GPX) and catalase (CAT; Figure 2.3). However, 

high metabolic load, dietary imbalances could be stimulated the activity of the 

NADPH oxidase, thereby resulting in OS status when excessive FR is not removed via 
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the antioxidant system, affecting on the glucose metabolism and competing with 

NADPH dependent metabolic pathways, such as energy metabolism, immunological 

functions, antioxidant capacity and calcium homeostasis. Accordingly, there are two 

main ways to alleviate OS status: (1) the neutralization of FRs by antioxidants; (2) the 

reduction of oxidized molecules by enzymatic system. The possible antioxidant 

mechanism for anthocyanins as follows: (1) the phenolic hydroxyl group possesses the 

function of directly scavenging oxygen FRs through its own structure; and (2) improve 

the body's antioxidant-related enzyme activity to achieve the purpose of improving the 

body's antioxidant capacity (Sakano et al., 2005; Soobrattee et al., 2005). 

 

 

 

Figure 2.3  The relationship between anthocyanins and free radicals during normal 

metabolism by the activity of the NADPH oxidase (modified from Celi et 

al., 2014). 
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2.4  The mechanism of anthocyanin affect gene expression  

         Inflammation is a key process underlying various OS metabolic-linked 

diseases. FRs can inhibit nuclear factor kappa beta (NFκB), which bind to the 

promoter regions of genes coding for pro-inflammatory proteins including various 

cytokines and adhesion molecules, the predominant role players during inflammation. 

Anthocyanins protect against inflammation for animals via two main ways (Figure 

2.4): (1) anthocyanins can be associated with alter inflammatory cytokine expression; 

and (2) anthocyanins have the ability to restrain the expression of adhesion molecules 

on endothelial cells (Kruger et al., 2014).  

 

 

 

Figure 2.4  Anthocyanins' anti-inflammatory effect results in improved immune cell 

functions (adapted from Kruger et al., 2014). NFκB = nuclear factor 

kappa beta; NO = nitric oxide. 
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Figure 2.5  Effects of anthocyanin in vascular endothelium (adapted from Speciale et 

al., 2014). 

ROS = reactive oxygen species; PI3K = phosphatidylinositol 3-kinase; 

MAPK = mitogen-activated protein kinases; ERK1/2 = extracellular 

regulated kinase 1 and 2, Akt protein kinase B; LDL-ox = oxidized low 

density lipoprotein; TNF-a = tumor necrosis factor a; eNOS = endothelial 

NO synthase, NO = nitric oxide, ER = estrogen receptor; KEAP1 = 

kelch-like-ECH-associated protein 1; Nrf2 = nuclear factor erythroid-2 

(NF-E2)-related factor 2. 

 

 Anthocyanins are able to modulate inflammatory pathway by inhibiting 

reactive oxygen species (ROS) and the redox-sensitive transcription factor NFκB. 

Indirect mechanisms involved in ROS scavenging ability of anthocyanins could be 
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also linked to acute activation of antioxidant and detoxifying enzymes modulated by 

nuclear factor-erythroid 2 (NF-E2)-related factor 2 (Nrf2) transcription factor 

(Speciale et al., 2014). These targets include the following (Figure 2.5): (1) activation 

of phase II antioxidant detoxifying enzymes; (2) activation of peroxisome proliferator-

activated receptors (PPAR)γ, thereby down-regulation of pro-inflammatory enzymes, 

such as COX-2 and iNOS; (3) inhibition of tyrosine kinases and modulation of several 

cell survival/cell-cycle genes; and (4) regulation of calcium homeostasis. Ye et al. 

(2016) showed that under homeostatic conditions, Nrf2 signaling is repressed by 

Kelch-like ECH-associated protein 1 (Keap1). However, Nrf2 is activated and 

triggered to translocate into the nucleus, where it elicits a series of anti-oxidative 

responses, thereby activating multiple inflammatory and antioxidant genes involved in 

cellular defense when animals receiving the antioxidants (Goldring et al., 2006). 

 

2.5  Effect of anthocyanins on ruminants health 

 2.5.1  Factors affecting the stability of anthocyanin  

 The structure of sugar in anthocyanin might be used as substrate for 

lactic acid fermentation during the ensilage period (Figure 2.6). Anthocyanins can be 

long-term stability in the low pH environment. One study did show that the 

degradation rate of anthocyanins increased with increasing of pH values under the 

same external conditions (Kırca et al., 2007). There are three kinds of chemical 

equilibrium in anthocyanins in acid aqueous solution, which including acid-base 

equilibrium, hydration equilibrium and ring-chain tautomeric equilibrium (Brouillard, 

1982). Four types of structures in anthocyanins, which including quinonoidal 

anhydrobase (A, blue), flavylium cation (AH
+
, red), carbinol pseudobase (B, 
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colorless), and chalcone (C, colorless or light yellow), making the color changes and 

stability/unstability. When pH is high, the acid-base balance has become the main 

reaction of anthocyanins proton transfer reaction from (AH
+
) to (A) or ionization (A

-
 

or A
2-

); A
-
 or A

2-
 compared to the AH

+
 structure is unstable, and thus more easily 

degraded to other products. In contrast, when pH is low, the above three chemical 

equilibrium exist simultaneously and anthocyanin structure can be maintained.  

 

 

 

Figure 2.6  Change in anthocyanin content of anthocyanin-rich corn during ensilage 

(adapted from Hosoda et al., 2009) Data are displayed as means with 

standard deviations. * Asterisks show statistical difference from the level 

at day 0 (P<0.05). 

 

         Anthocyanins may only have potential value in improving ruminant health 

rather than providing individual bodies with access to nutrients because anthocyanins 

in anthocyanin-rich plants are not broken down in the rumen (Figure 2.7).  
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Figure 2.7  Changes in anthocyanin of colored barley content during in vitro 

technique (adapted from Song et al., 2012). 
a,b,c

 Treatments with different 

letters are different at P<0.05. 

 

 2.5.2  Effect of anthocyanins on rumen fermentation parameters 

 Chemical composition seemed to be became main factor that affecting 

rumen fermentation parameters because anthocyanins in plants are not broken down in 

the rumen. As shown in Table 2.3. Anthocyanin-rich purple corn silage had no effect 

on the ruminal pH and VFA concentration, whereas can significant increase NH3-N 

values, this is may be due to anthocyanin-rich purple corn silage showed the relatively 

high crude protein (CP), resulting in enhancing ruminal NH3-N concentration (Hosoda 

et al., 2012). Burgess et al. (1973) also demonstrated that corn silage had unaffected 

on the propionate and acetate to propionate ratio content, whereas it could significant 

increase acetate and butyrate values. This difference may reflect the high ADF content 

of the forage corn silage, thus causing an increase in the molar percentage of 

acetate/butyrate in the rumen.  
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Table 2.3  Effect of anthocyanins on rumen fermentation parameter. 

Item Control AR
1
 Animals SEM References 

pH     6.57   6.48   

 

Lactating 

dairy cows 

0.05  

 

Hosoda et 

al. (2012) 

 

Ammonia-N (mg/dL)   12.8
b
  14.6

a
 0.8 

VFA concentration 

(mmoL) 

   

Acetate   67.8  68.1  1.5 

Propionate   22.7  23.2  0.7 

Butyrate   12.4   13.4  0.4 

Total  107.5  109.2  2.7 

Item  Oats silage Corn 

silage 

Animals  References 

VFA concentration 

(mmoL) 

   

 

Lactating  

dairy cows 

  

 

Burgess et 

al. (1973) 

 

Acetate  61.6
b
    65.3

a
  0.58 

Propionate  20.3    20.7 0.58 

Butyrate   12.3
b
    16.0

a
 0.51 

Acetate to propionate 

ratio 

  3.22      2.98 0.32 

1
 AR = Anthocyanin-rich purple corn silage 

 

 In the same row, values with different letter superscripts mean significant 

difference (P<0.05). The same as Table 2.4 and Table 2.5. 

 

 2.5.3  Effect of anthocyanins on antioxidant activity 

 FRs are necessary for the living state of cells and organisms because 

they can protect animals normal function well at a normal level (Nagy, 2001; Dröge, 

2002). However, the redox homeostasis could be imbalance when excessive FRs in the 
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body, leading to many degenerative diseases, such as cancer, cardiovascular disease, 

immune-system decline, and cataracts (Allen and Tresini, 2000). Anthocyanins had 

the potential to mitigate OS status and good for ruminants’ health due to the inclusion 

of anthocyanins can be increased antioxidant capacities, especially resulted in an 

enhancement in plasma SOD activity (Table 2.4). 

 

Table 2.4 Effect of anthocyanins on antioxidant activity. 

Item
1
 Control Pigment Animals SEM References 

Plasma TAC (μmol/L) 453.8 458.8  

sheep 

6.8  

Hosoda et al. 

(2012c)  

 

Plasma GPX (μmol/L)     5.1     5.9 0.2 

Plasma SOD (U/Ml) 164.2
b
 184.4

a
 4.0 

Urinary 8-OHdG 

(μg/MBS/day) 

    2.8     2.3 0.2 

Items Control  AR Animals  References 

Total antioxidant status 

(mmol/L) 

    1.06      1.04  Lactating 

  

dairy cows 

0.01 Hosoda et al. 

(2012b)  

SOD (U/mL)     2.4
b
      3.9

a
 0.5 

1
 AR = Anthocyanin-rich purple corn silage; TAC = total antioxidant capacity; GPX = 

glutathione peroxidase; SOD = superoxide dismutase. 

 

 2.5.4  Effect of anthocyanins on milk yield and composition 

 Hosoda et al., (2012b) showed that lactating dairy cows fed 

anthocyanin-rich purple corn silage tended to decrease the milk yield because the 

bitter taste of anthocyanins might be effect on the dry matter intake (DMI), thereby 

affecting the milk yield and milk composition. 



20 

 

Table 2.5  Effect of anthocyanins on milk yield and composition. 

Item
1
 Control AR Animals SEM References 

Milk yield (kg/day) 28.5 27.1  

 

 

Lactating 

dairy cows 

0.3  

 

 

Hosoda et 

al. (2012b) 

 

FCM yield (kg/day) 27.0 26.1 0.2 

Composition (%)    

    Fat 3.66 3.76 0.05 

    Protein 3.36 3.38 0.02 

    Lactose 4.64 4.58 0.01 

    Total solids 12.67 12.73 0.06 

    Solids-not-fat 9.00 8.96 0.01 

1
 AR = Anthocyanin-rich purple corn; FCM = fat corrected milk. 
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CHAPTER III 

CHEMICAL COMPOSITION, ANTHOCYANIN 

STABILITY, ANTIOXIDANT ACTIVITY, AND IN VITRO 

RUMEN FERMENTATION OF ANTHOCYANIN-RICH 

(Zea mays L.) STOVER 

 

3.1  Abstract  

 The objective of this study was to observe the chemical composition, 

anthocyanin stability, and antioxidant activity during the storage period and in vitro 

rumen fermentation of anthocyanin-rich purple corn (Zea mays L.) stover (PS) and 

sticky corn stover (SS). The samples were ensiled with two treatments: (1) hybrid 

sticky waxy corn stover (control) and (2) hybrid purple waxy corn stover (treatment). 

Samples were stored in mini-silos for periods of 0, 7, 14, 21, 42, 63, 84, and 105 d. 

The results showed that anthocyanin-rich purple corn stover silage (PSS) showed 

higher (P<0.05) levels of dry matter (DM) and crude protein (CP) relative to the sticky 

corn stover silage (SSS). Although anthocyanin-rich PSS displayed a lower (P<0.05) 

level of pelargonidin-3-glucoside (P3G), it had higher (P<0.05) levels of peonidin 

(Peo) and pelargonidin (Pel) compared to the control. Delphinidin (Del) and malvidin 

(Mal) did not detect in SSS during the ensilage period; in PSS, Del was no longer 

detected after 7 days of ensilage. Specifically, total anthocyanins in anthocyanin-rich 

PSS decreased rapidly (P<0.05) prior to 7 days of ensilage, and then remained at 
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relatively stable (P>0.05) constants. Compared to the anthocyanin-rich PSS, SSS 

displayed significantly higher (P<0.05) pH value and ammonia nitrogen (NH3-N) 

content. Compared with the SSS extract, anthocyanin-rich PSS extract showed a 

higher (P<0.05) level of 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity 

and displayed a lower (P<0.05) half maximal inhibitory concentration (IC50) value. 

Moreover, anthocyanin-rich PSS reduced (P<0.05) gas production (GP) at 3 h, and 

displayed lower levels of immediately soluble fraction (a) and ratio of acetic acid (AA) 

to PA at 12 h, but the other parameters were unaffected (P>0.05) relative to the 

control. Taken together, the results indicated that: (1) anthocyanins could be stable in 

silage; (2) anthocyanin-rich PSS showed better silage fermentative quality and stronger 

antioxidant activity; and (3) anthocyanin-rich PSS had no negative effect on rumen 

fermentation parameters. 

Key words: anthocyanin-rich purple corn stover silage, anthocyanin stability, silage 

fermentative quality, antioxidant activity, rumen fermentation 

 

3.2  Introduction 

 Anthocyanins, a group of flavonoid compounds that are naturally occurring 

plant pigments responsible for color change from red through purple to blue, are 

present in a wide variety of plants, such as blackcurrant, wild blueberry, concord 

grape, and purple corn (Zhao et al., 2009; Silva et al., 2016; Zhang et al., 2016). 

Typically, anthocyanins have been reported to exhibit potent antioxidant activity 

(Owoade et al., 2015). Thus, they may remove excessive free radicals to alleviate 

oxidative stress in ruminants when the animal’s antioxidant system balance is 

disrupted during metabolic disorder (Jomova and Valko, 2011; Georgiev et al., 2014).  
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 Thailand is a special tropical country with a different climate than other 

countries and areas due to its a long dry season from November to March (Hashimoto 

et al., 2004). Thus, roughage must be provided to ruminants since it is not available 

during that period. Purple corn is a rich and economical source of anthocyanin 

colorants for human consumption (Jing and Giusti, 2007; Hosoda et al., 2012c). One 

study did show that purple corn by-products also had abundant anthocyanins 

(Cevallos-Casals and Cisneros-Zevallos, 2004). In addition, purple corn is a type of 

field crop that is widely grown in Thailand (Harakotr et al., 2014; Phinjaturus et al., 

2016). There has been little information reported about anthocyanin in purple corn 

stover silage (PSS) on forage yield, silage fermentative quality, anthocyanin stability, 

and antioxidant activity or on rumen fermentation in ruminants. Accordingly, in order 

to provide a preliminarily understanding of the potential of anthocyanin-rich PSS as a 

roughage for ruminants, we investigated its chemical composition, silage fermentative 

parameters, anthocyanin composition, antioxidant activity during different lengths of 

ensilage and in vitro incubation with ruminal fluid. 

 

3.3  Materials and Methods 

3.3.1  Plant management and silage making  

   A field experiment was conducted from June 16, 2016 to September 1, 

2016, during the rainy season at the Suranaree University of Technology (SUT) farm, 

Nakhon Ratchasima, Thailand (14°53'37.9"N, 102°01'22.0"E). F1 hybrid purple waxy 

corn and F1 hybrid sticky waxy corn were cultivated in 0.5 m distance under the same 

fertilizer conditions (N-P2O5-K2O, 50-50-50 kg/ha; Hydro Thai Limited, Bang Kruai, 

Thailand) using a completely randomized design (CRD) with three duplicates per 
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treatment. Corn grain was harvested at the yellow ripe stage, and then corn stover 

(without the corn grains) was cut into pieces approximately 6-8 cm in length above the 

soil surface by a cutting machine (SCB-2800, Fermier Engineers Private Limited, 

Tamil Nadu, India). The fresh materials were immediately transferred to the laboratory 

and chopped into pieces 2-3 cm in length by an electric automation grinder (Model 

5222, Mitsubishi, Tokyo, Japan). Next, the materials were placed into 0.5 L mini-silos, 

which were kept in the dark at 15-25°C ambient temperature for a period of 0, 7, 14, 

21, 42, 63, 84, and 105 d, respectively.  

 3.3.2  Chemical analysis 

 After ensilage, 20 g of fresh silage samples were placed into a 150-mL 

beaker, covered with 100-mL of distilled water, and blended for 30 minutes at room 

temperature before being filtered through filter paper (Whatman
TM

 No. 1441-125, GE 

Healthcare Life Sciences, Marlborough, MA, USA), then pH determination was done 

immediately by a portable pH meter. Meanwhile, the filtrate solution was stored at -20°C 

until measured. Ammonia nitrogen (NH3-N) was analyzed by the steam distillation 

method of Bremner and Keeney (1965). Lactic acid (LA) was assayed using a high 

performance liquid chromatography (HPLC; 1260 Infinity II LC, Agilent 

Technologies, Santa Clara, CA, USA). Moreover, the anthocyanin content in silage 

was extracted using 1% hydrochloric acid (HCl) dissolved in 95% methanol solution at 

50°C for 24 h, and then the supernatant was collected and transferred into a 50-mL 

volumetric flask for the determination of anthocyanin composition by a HPLC 

according to Hosoda et al. (2009) and Yang et al. (2009). The remaining samples were 

dried at 65°C in a vacuum oven for 72 h, then ground and passed through a 1-mm 

sieve. Dry matter (DM), crude protein (CP), and ash were measured according to the 

feed proximate analysis of the Association of Offcial Analytical Chemists (AOAC, 
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2005). Neutral detergent fiber (NDF) was detected with sodium sulfite and a heat 

stable amylase, whereas acid detergent fiber (ADF) was measured by sequential 

analysis of the residual NDF by the method of Van Soest et al. (1991). Each sample 

was run in triplicate. Organic matter (OM) was calculated using the following formula: 

OM = 100-ash. Gross energy (GE) was analyzed using a Parr 6200 calorimeter 

(Moline, Illinois, USA). Water soluble carbohydrates (WSC) were assayed by a 

microplate reader (Spectracount
TM

, Packard Canberra, Meriden, CT, USA) after 

reaction with anthrone reagent (Sigma-Aldrich, Pcode: 101694154) as described by 

McDonald and Henderson (1964).  

 3.3.3  DPPH scavenging activity 

 Antioxidant activity for the 2,2-diphenyl-1-picrylhydrazyl (DPPH) 

scavenging activity of the corn stover silage extract was determined 

spectrophotometrically according to Thaipong et al. (2006) and Zhang et al. (2018) 

using a stable free radical  DPPH (Sigma-Aldrich, Pcode: 101845869) with a minor 

modification. Briefly, an aliquot of 2.00 mL of the appropriate dilution (1/5, 1/4, 1/3, 

1/2, 1) of two corn stover silage extracts at 21 days was added to 2.00 mL of 0.1 

mmol/L DPPH solution and then shaken vigorously. The OD value was detected at 

517 nm using a microplate reader after incubation for 30 min in a 30°C water bath in 

the dark. DPPH scavenging activity (%DPPHSC) was calculated by the following 

formula: 

 

%DPPHSC = (Ac − As) × 100 / Ac 

 

 where Ac is the absorbance of the control and As is the absorbance of the 

sample. The half maximal inhibitory concentration (IC50) value was calculated by 
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GraphPad Prism 5 software, which denotes the concentration of a substance required 

for 50% inhibition in vitro. 

 3.3.4  In vitro rumen fermentation 

 Three healthy multiparous Saanen dairy goats (body weight (BW), 

42.50 ± 0.50 kg; mean ± standard deviation (SD)) were used as ruminal fluid donors. 

The experimental animals were housed in clean individual pens with free access to 

water and were fed diets with a concentrate/roughage ratio of 50:50 (10.13% CP and 

66.33% total digestible nutrient) according to the National Research Council (NRC, 

1981). Ration was offered in equal amounts twice daily at 08:00 and 17:00. Ruminal 

fluid was obtained from goats before morning feeding via the mouth using a vacuum 

pump into an Erlenmeyer flask. The ruminal fluid was immediately passed through 

four layers of cheesecloth and mixed in equal volume, and then transported to the 

laboratory. The culture fluid was prepared by mixing the ruminal fluid and a 

phosphate-bicarbonate buffer with carbon dioxide (CO2) gas in a 39°C water bath as 

per Menke and Steingass (1988). A total of 100-mL glass gas-tight syringes 

(Kabuskiki Kaisha, Japan) were used as fermentation vessels; they were filled with 30-

mL of mixture solution with 0.50 g of substrate in each syringe for 3, 6, 9, 12, 24, 48, 

72, and 96 h incubation to estimate gas production (GP). The fermentation was 

stopped by submerging the syringe into ice-cold water, and then the pH of the rumen 

fluid was immediately measured using the portable pH meter. In the meantime, 20-mL 

of fermentation liquid and 5 mL of HCl (6 mol/L) were kept in a container after being 

mixing together, then stored in a refrigerator at -20°C until the samples were analyzed 

for NH3-N and individual volatile fatty acid (VFA) content. Acetic acid (AA), 

propionic acid (PA), and butyric acid (BA) were determined using HPLC. The total 

VFA (TVFA) value was calculated from the following equation: TVFA = AA + PA + 
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BA. Each sample had three replications and two control replications. Moreover, 

organic matter digestibility (OMD), metabolizable energy (ME), and effective 

degradability (ED) were calculated using the following formulas by Menke et al. 

(1979), Menke and Steingass (1988), and Eliman and Ørskov (1984), respectively:  

 

                    (1) OMD (%) = 0.986  GP (24 h) + 0.0606  CP + 11.03; 

                    (2) ME (MJ/kg) = −0.20 + 0.1410  OMD; 

                    (3) ED (%) = a + b  c / (k + c). 

  

   where k is ruminal outflow rate and the value sets as 0.031 h. 

   GP was calculated according to the following equation by Ørskov and 

McDonald(1979). 

 

y = a + b (1−e
-ct

) 

 

   where y denotes the volume of gas produced at time t, a describes the 

immediately soluble fraction (mL), b is the insoluble fraction (mL), c is the rate 

constant for the insoluble fraction b (%/h), t expresses incubation time (h), and a+b 

represents the potential extent of gas production (mL). 

 

3.4  Statistical analysis 

 All statistical analyses were performed using the GLM procedure of SAS 

System version 9.1.3 (SAS Inst. Inc., Cary, NC, USA). The replicate was considered 

the experimental unit in all of the statistical analyses. The treatment means during the 

storage days or dilution times or incubation time were assessed using Analysis of 

Variance (ANOVA) followed by the Duncan’s new multiple range test. The effects of 
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the storage days or dilution times or incubation time were compared with trend 

analysis using orthogonal polynomial contrasts test. IC50 value was calculated from 

linear regression analysis by GraphPad Prism 5 software. Student’s t-test was applied 

for the differences in the rumen fermentation parameters. Differences were considered 

statistically significant at P<0.05. 

 

3.5  Results  

 3.5.1  Chemical composition 

 There were linear (P<0.05) effect of ensilage time on DM, GE, NDF, 

ADF, and WSC between two treatments (Table 3.1). Anthocyanin-rich PSS showed 

higher (P<0.05) levels of DM and CP, compared to that of sticky corn stover silage 

(SSS). Differently, SSS displayed higher (P<0.05) concentration of WSC in 

comparison of anthocyanin-rich PSS. No notable differences (P>0.05) were observed 

in ash, OM, and NDF levels of SSS and PSS. The level of ADF tended to significantly 

(P<0.05) increase prior to 14 days of ensilage, and then remained at a relatively stable 

value (P>0.05) among treatments. Additionally, although there was no difference 

(P>0.05) in GE between the two samples, ANOVA analysis showed that GE content in 

PSS was significantly (P<0.05) different during the ensilage period.  
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Table 3.1  Changes in chemical composition according to ensiling period of SSS and 

PSS (DM basis). 

Item
1
 

Time
 

(day) 

DM 

(%)
2
 

Ash 

(%) 

OM 

(%) 

GE 

(Kcal/g) 

CP 

(%) 

NDF 

(%) 

ADF 

(%) 

WSC 

(%) 

 

 

 

 

SSS 

0 23.30
b
 6.37 93.63     3.93 6.57 57.74 19.89

b
   6.40

a
 

7 25.36
ab

 6.59 93.41     3.76 6.59 59.44 23.87
ab

   3.17
b
 

14 26.53
ab

 6.72 93.28     4.04 6.87 60.48 25.54
a
   2.55

c
 

21 26.74
ab

 6.49 93.51     4.06 6.83 64.40 26.48
a
   2.49

c
 

42 25.88
ab

 6.50 93.50     4.00 6.96 62.24 25.27
a
   2.34

cd
 

63 27.03
ab

 6.83 93.17     4.00 6.98 62.18 24.30
a
   2.00

d
 

84 27.71
a
 6.73 93.27     4.04 7.01 64.78 25.36

a
   1.88

d
 

105 28.40
a
 6.92 93.08     4.04 7.05 64.44 26.23

a
   1.94

d
 

SEM
3
   1.18 0.40   0.40     0.09 0.14 2.78   1.25   0.15 

Mean 26.37
B
 6.64 93.36     3.98 6.86

B
 61.96 24.62   2.85

A
 

 0 26.40 6.91 93.09     3.93
b
 7.24 56.24 24.04

c
   4.65

a
 

 

 

 

PSS 

7 28.61 6.98 93.02     3.95
b
 7.24 60.50 24.27

bc
   2.72

b
 

14 28.46 7.37 92.63     3.96
ab

 7.29 63.13 26.04
a
   2.42

bc
 

21 28.44 6.96 93.04     3.99
a
 7.38 63.79 25.06

abc
   2.28

bc
 

42 28.69 6.39 93.61     4.00
a
 7.37 63.68 25.85

ab
   2.01

c
 

63 28.93 6.37 93.63     4.00
a
 7.40 64.07 24.43

abc
   2.15

c
 

84 28.96 6.35 93.65     4.00
a
 7.40 64.00 25.75

ab
   2.00

c
 

105 28.95 6.71 93.29     3.99
a
 7.37 63.19 25.58

abc
   2.37

bc
 

SEM   1.48 0.36   0.36     0.01 0.11   2.51   0.46   0.13 

Mean 28.43
A
 6.75 93.25     3.98 7.34

A
 62.33 25.13   2.57

B
 

    L   0.054 0.649 0.649     0.028 0.296   0.003   0.0004 <0.0001 

P-value
4
    Q   0.305 0.371 0.371     0.237 0.961   0.832   0.151 <0.0001 

    C   0.787 0.545 0.545     0.077 0.679   0.823   0.675   0.015 

Values represented the means of 3 replicates (n = 3). 

Treatment with different superscript letters within the same column are significantly different 

(P<0.05).
 
Lowercase letters represent comparison within treatment; capital letters mean 

comparison of two treatments.  

1
 SSS = sticky corn stover silage; PSS = anthocyanin-rich purple corn stover silage. 

2
 DM = dry matter; OM = organic matter; GE = gross energy; CP = crude protein; NDF = 

neutral detergent fiber; ADF = acid detergent fiber; WSC = water soluble carbohydrates.  

3
 SEM = standard error of the mean.  

4
 L = linear; Q = quadratic; C = cubic. The same as below. 
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 3.5.2  Anthocyanin composition  

 As shown in Table 3.2. There were linear (P<0.05) effect of storage 

days on Cyanidin-3-glucoside (C3G), pelargonidin-3-glucoside (P3G), peonidin (Peo), 

malvidin-3-O-glucoside (M3G), cyanidin (Cya), pelargonidin (Pel), and malvidin 

(Mal) between two treatments. The only exception was the level of total anthocyanins 

during ensilage period that showed cubic (P<0.019) effect. C3G remained relatively 

constant and no significant (P>0.05) difference was found among treatments. 

Delphinidin (Del) and Mal were unable to be detected in SSS during the entire ensilage 

period; in PSS, Del was not detected after 7 days of ensilage. Moreover, the 

concentrations of P3G, Peo, M3G, Cya, and Pel decreased (P<0.05) to stable values 

after 21 days of ensilage. Anthocyanin-rich PSS showed a lower (P<0.05) level of 

P3G, whereas it had significantly higher (P<0.05) total anthocyanin content, Peo, 

M3G, Cya, and Pel levels than that of SSS. Specifically, total anthocyanins in two 

treatments decreased rapidly (P<0.05) prior to 7 days of ensilage, and then remained at 

relatively stable (P>0.05) constants. 
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Table 3.2  Changes in anthocyanin composition according to ensiling period of SSS 

and PSS (DM basis). 

Item Time 

(day) 

Anthocyanin composition (mg/g)
1
 Total 

C3G    Del   P3G   Peo M3G   Cya   Pel Mal 

 

 

 

 

SSS 

0 0.028 - 0.084
a
 0.034

a
 0.040

a
 0.111

a
 0.091

a
 - 0.387

a
 

7 0.028 - 0.078
ab

 0.031
ab

 0.040
a
 0.103

ab
 0.083

ab
 - 0.362

ab
 

14 0.025 - 0.074
ab

 0.028
b
 0.035

ab
 0.098

ab
 0.079

b
 - 0.339

ab
 

21 0.025 - 0.072
b
 0.030

ab
 0.040

a
 0.100

ab
 0.080

ab
 - 0.347

ab
 

42 0.027 - 0.075
ab

 0.028
b
 0.034

b
 0.104

ab
 0.081

ab
 - 0.350

ab
 

63 0.028 - 0.071
b
 0.029

b
 0.034

b
 0.098

ab
 0.078

b
 - 0.337

ab
 

84 0.024 - 0.070
b
 0.028

b
 0.032

b
 0.091

b
 0.077

b
 - 0.323

b
 

105 0.025 - 0.068
b
 0.029

b
 0.032

b
 0.091

ab
 0.075

b
 - 0.319

b
 

SEM1 0.001 - 0.003 0.001 0.002 0.005 0.004 - 0.016 

Mean 0.026 - 0.074
A
 0.030

B
 0.036

B
 0.099

B
 0.080

B
 - 0.345

B
 

 

 

 

 

PSS 

0 0.029 0.515 0.075 0.045
a
 0.113

a
 0.178

a
 0.111

a
   1.820

a
 2.410

a
 

7 0.025 - 0.070 0.037
b
 0.065

b
 0.115

b
 0.101

ab
   0.319

b
 0.733

b
 

14 0.025 - 0.067 0.037
b
 0.059

b
 0.111

b
 0.090

bc
   0.324

b
 0.713

b
 

21 0.025 - 0.069 0.038
b
 0.057

bc
 0.114

b
 0.092

bc
   0.326

b
 0.720

b
 

42 0.025 - 0.068 0.032
b
 0.041

d
 0.109

b
 0.082

c
   0.349

b
 0.706

b
 

63 0.024 - 0.066 0.031
b
 0.037

d
 0.094

b
 0.076

c
   0.351

b
 0.679

b
 

84 0.024 - 0.064 0.032
b
 0.038

d
 0.094

b
 0.075

c
   0.345

b
 0.672

b
 

105 0.025 - 0.067 0.032
b
 0.046

cd
 0.098

b
 0.077

c
   0.323

b
 0.669

b
 

SEM2 0.001 - 0.004 0.002 0.004 0.007 0.005   0.044 0.065 

Mean 0.025 - 0.068
B
 0.036

A
 0.057

A
 0.114

A
 0.088

A
   0.520 0.913

A
 

      L 0.002 - 0.019 0.030 0.007 0.0004 0.002 <0.0001 0.208 

P-value      Q 0.458 - 0.345 0.075 0.080 0.007 0.156 <0.0001 0.311 

      C 0.882 - 0.909 0.848 0.706 0.473 0.670 <0.0001 0.019 

Values represented the means of 3 replicates (n = 3).
 

1
 C3G = cyanidin-3-glucoside; Del = delphinidin; P3G = pelargonidin-3-glucoside; Peo = peonidin; 

M3G = malvidin-3-O-glucoside; Cya = cyanidin; Pel = pelargonidin; Mal = malvidin; - = not detected. 
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 3.5.3  Silage fermentative quality 

 As expected, the pH value of the two silages dropped rapidly (P<0.05) 

during the first seven days of ensilage, and then the levels remained between 3.5 and 

4.0 throughout the remainder of the experiment (Figure 3.1). In addition, PSS showed 

a slightly lower pH value compared to that of the control silage, but no significant 

difference (P>0.05) was found between two treatments. The level of NH3-N in PSS 

was significantly lower (P<0.05) than that of the control (Figure 3.2). LA 

concentrations in both of the silages increased (P<0.05) during the first seven days of 

ensilage, and then remained relatively constant (P>0.05) after 14 days of storage 

(Figure 3.3). In particular, PSS had a significantly higher (P<0.05) LA level than that 

of SSS.  

 

 

 

Figure 3.1  Changes in pH value during fermentation of silage Data are displayed as 

means with SD. Values represented the means of 3 replicates (n = 3). 
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Figure 3.2  Changes in NH3-N content during fermentation of silage Values with 

different letter superscripts mean significant difference (P<0.05). TN = 

total nitrogen. Data are displayed as means with SD. Values represented 

the means of 3 replicates (n = 3). 

 

 

 

Figure 3.3  Changes in LA content during fermentation of silage Values with 

different letter superscripts mean significant difference (P<0.05). Data are 

displayed as means with SD. Values represented the means of 3 replicates 

(n = 3). 
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 3.5.4  DPPH scavenging activity 

 As shown in Table 3.4. DPPH scavenging activity of SSS and PSS 

extracts increased with increasing concentration in dilute solution, reaching a 

maximum at 73.5% and 81.1%, respectively, and the values remained relatively 

constant (P>0.05) after 1/3 dilution. As expected, DPPH scavenging activity mean in 

the anthocyanin-rich PSS extract was greater (P<0.05) than that of the control. 

Accordingly, PSS extract showed a lower (P<0.05) level of IC50 compared to the SSS 

extract (0.65 µg/mL vs. 2.80 µg /mL). 

 

 

 

Figure 3.4  DPPH scavenging activity of corn stover silage extract Values with 

different letter superscripts mean significant difference (P<0.05). Data are 

displayed as means with SD. Values represented the means of 3 replicates 

(n = 3). 

 

 3.5.5  In vitro rumen fermentation 

 For GP, with the exception that SSS was significantly higher (P<0.05) 

than that of PSS at 3 h, no significant difference (P>0.05) was found for the other 
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lengths of incubation (Figure 3.5). Similarly, SSS showed a significantly higher 

(P<0.05) content of the a value, and no significant differences (P>0.05) were observed 

in the b, c, a+b, OMD, ME, and ED (Table 3.3). As shown in Table 3.4, there were no 

significant differences (P>0.05) in the pH value, NH3-N concentration, and individual 

VFA content between PSS and SSS. However, SSS showed a significantly higher 

(P<0.05) ratio of AA to PA at 12 h of incubation time compared to anthocyanin-rich 

PSS. 

 

 

 

Figure 3.5  Cumulative gas volume estimated throughout 96 h of corn stover silages 

Values with different letter superscripts mean significant difference 

(P<0.05). Data are displayed as means with SD. Values represented the 

means of 3 replicates (n = 3). 
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Table 3.3  Comparison of GP kinetics, OMD, ME, and ED of SSS and PSS. 

Item
1
  SSS  PSS  SEM P-value 

a (mL)   7.26   3.71 0.0190 <0.0001 

b (mL) 85.2 86.9 0.530   0.145 

a+b (mL) 92.4 90.6 0.534   0.139 

c (% h)   0.04   0.04 0.0002    0.6838 

OMD (%) 71.9 68.0 1.68   0.176 

ME (MJ/kg)   9.94   9.39 0.237   0.176 

ED (%) 54.9 52.3 1.07     0.0966 

Values represented the means of 3 replicates (n = 3).
 

1
 a = gas production from the immediately soluble fraction; b = gas production from 

the insoluble fraction; c = gas production rate constant; a+b = potential extent of gas 

production; OMD = organic matter digestibility; ME = metabolizable energy; ED = 

effective degradability. 
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Table 3.4  Comparison of ruminal fluid pH, NH3-N, and VFA values of SSS and PSS. 

Item
1
 Time (h)    SSS    PSS  SEM P-value 

 

pH 

 

 

12     6.82     6.87 0.0217 0.208 

24     6.65     6.67 0.0222 0.444 

48     6.56     6.56 0.00666     1.00 

Mean     6.66     6.70 0.0423 0.477 

 

NH3-N (mg/dL) 

12     2.00     1.95 0.0267 0.323 

24     2.01     1.91 0.0738 0.422 

48     2.89     2.87 0.0504 0.789 

Mean     2.34     2.20 0.166 0.573 

 

AA (mmol/L) 

 

12   78.2   73.1 3.45 0.419 

24   83.3   81.5 1.23 0.357 

48   96.0   92.4 1.32 0.122 

Mean   86.8   82.3 2.92 0.309 

 

PA (mmol/L) 

12   70.4   69.5 0.920 0.577 

24   79.7   75.6 1.13   0.0647 

48   94.5   88.3 2.65 0.175 

Mean   82.9   77.8 3.23 0.297 

 

BA (mmol/L) 

12   14.7   13.9 0.198   0.0899 

24   16.3   15.8 0.298 0.318 

48   20.8   19.0 0.455 0.110 

Mean   17.6   16.3 0.841 0.300 

 

TVFA (mmol/L) 

12 163 156 3.13 0.264 

24 179 173 2.45 0.142 

48 211 200 3.66   0.0891 

Mean 187 176 6.81 0.290 

 

Ratio of acetate to 

propionate 

12     1.11     1.05 0.00361 0.0033 

24     1.05     1.08 0.0592 0.572 

48     1.02     1.05 0.0310 0.522 

Mean     1.05     1.06 0.0203 0.797 

Values represented the means of 3 replicates (n = 3).
 

1
 NH3-N = ammonia nitrogen; AA = acetic acid; PA = propionic acid; BA = butyric 

acid; TVFA = total volatile fatty acid. 
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3.6  Discussion 

 3.6.1  Silage fermentative quality and anthocyanin stability 

 DM and WSC content in plants are of great importance for silage 

(Wilkins, 1982).  In this study, we found that DM tended to increase during the entire 

ensilage period although it did not differ. Possibly because the extravasate was lost 

from the plant material during storage ensilage, thereby increasing DM level (Maeda et 

al., 2011). Conversely, a previous study showed that WSC was broken down by 

bacterial metabolism during the whole ensilage period, thus reducing its value 

(Sanderson, 1993). Fiber content was a major component of the plant cell wall and was 

insoluble in water, making it difficult to be exploited by microorganisms during the 

storage period (Mertens, 2003). Hence, the concentrations of NDF between SSS and 

PSS remained fairly constant throughout the experiment. On the contrary, ensilage 

treatment could accelerate the growth of lactic acid bacteria (LAB), but the ensilage 

treatment lacked of proteolytic enzyme and relevant ash/OM degrading enzyme; thus, 

ash and OM values also did not differ among treatments and have been quite stable 

during the entire ensilage period. Moreover, the levels of GE and ADF tended to 

increase during the ensilage period, which was reported to be related to the strength of 

silage fermentation, in which the loss of moisture is induced, leading to high DM, with 

consequent concentration of the GE and ADF (McDonald and Edwards, 1976; Meineri 

and Peiretti, 2005). Additionally, we also found the concentration of CP in PSS was 

significantly higher than that of SSS. The reason may be that in purple plant response 

to environmental stresses through anthocyanin metabolism, plant nutrients can be 

improved under anthocyanin protection (Chalker-Scott, 1999). These results were 

consistent with a previous report by Hosoda et al. (2012a) who reported that 
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anthocyanin-rich purple corn silage showed a significantly higher CP value compared 

to the control. 

 Anthocyanins are sensitive to high pH, light, and temperature during storage 

period (Markakis and Jurd, 1974; Francis and Markakis, 1989; Laleh et al., 2006; Li et 

al., 2011). However, light and temperature factors could be considered to be negligent 

in this study because all the samples were compressed under anaerobic conditions, 

placed in mini-silos, and kept a dark environment at 15-25°C ambient temperature. 

Reyes and Cisneros-Zevallos (2007) showed that the degradation rate of anthocyanins 

were positively correlation with the pH value under the same external conditions. 

Consequently, the silage had a lower pH value after seven days of ensilage, which 

provided the necessary condition for the stability of anthocyanins. Specifically, 

anthocyanins consisted of anthocyanidin and sugar(s), which the sugar structure was 

used as a substrate during the ensilage period (Hosoda et al., 2009). Therefore, the 

decreased range of anthocyanins in PSS was greater compared to SSS, possibly 

indicating that more sugar in PSS took part in the silage fermentation for easier 

ensilage. These observations were in agreement with Song et al. (2012) who 

demonstrated that colored barley showed higher total anthocyanins content and 

maintained a level of 42% in storing silage. Moreover, Cya seemed to be the main 

anthocyanin composition in two types of silage, which is consistent with the findings 

of previous studies (Pedreschi and Cisneros-Zevallos, 2007; Cuevas Montilla et al., 

2011).  

 The pH value declined rapidly at the fermentation phase when the silage 

became anaerobic, which was usually in the range of 3.6-4.0 for the excellent silage 

(Guan et al., 2002). This was because LAB developed, leading to it became the 
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predominant population during anaerobic phase, resulting in large amounts of organic 

acid (Kang et al., 2014). Particularly, anthocyanin-rich PSS displayed a lower pH 

value, perhaps due to the structure of purple corn anthocyanin was bonded to sugar 

(Aoki et al., 2002), resulting in easy fermentation during storage in anthocyanin-rich 

PSS relative to the control. Generally, poor silage preservation had a high level of 

NH3-N. This was due to breakdown of the protein in forage (proteolysis) occurring as a 

result of the activity of plant enzymes prior to the establishment of anaerobic 

conditions (Acosta et al., 1991; Hu et al., 2015). However, wetter silage also had 

higher concentration of NH3-N because of the potential for clostridial fermentation 

(Kung and Shaver, 2001). Thus, SSS had a relatively high level of NH3-N, perhaps 

owing to it had lower DM content in comparison to PSS. Additionally, since the sugar 

in anthocyanin was used as a substrate for lactic fermentation, which may have 

produce high LA content (Hosoda et al., 2009). These findings were in agreement with 

Song et al. (2012) who showed that colored barley silage had a higher level of LA 

compared to that of normal barley silage.  

 3.6.2  DPPH scavenging activity 

 Anthocyanins, as a bioactive secondary plant metabolite, have been 

shown to have high antioxidant activity (Akula and Ravishankar, 2011). DPPH was a 

free radical, which was able to produce a violet solution in an organic solvent and was 

stable at room temperature. The value of DPPH tended to decline under antioxidant 

molecule circumstances (Mensor et al., 2001). Accordingly, this was a handy and rapid 

way of being able to assay antioxidant activity by measuring DPPH scavenging 

activity (Cheng et al., 2006). In this experiment, anthocyanin-rich PSS extract had a 

stronger level of the DPPH scavenging activity than the control extract. One of the 
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possible explanations was that anthocyanins could provide electrons to DPPH, so the 

solution was reduced to its non-free radical form to strengthen antioxidant activity 

(Jordão and Correia, 2016). The amount of DPPH scavenging activity was in 

accordance with Hayashi et al., (2003). Indeed, anthocyanins are powerful antioxidants 

due to their special chemical structural formula, preventing free radicals from being 

oxidized nearby cells (Castañeda-Ovando et al., 2009). In addition, the IC50 value was 

negatively associated with the DPPH scavenging activity (Yang and Zhai, 2010). As 

expected, PSS extract had lower IC50 level in this study, which was consistent with a 

previous report by Pedreschi and Cisneros-Zevallos (2006) who demonstrated that 

purple corn extract had a higher antioxidant activity, primarily depending on 

anthocyanins involved in enzyme inactivation and scavenging of electrophiles. 

 3.6.3  In vitro rumen fermentation 

 Previous studies indicated that the incubation of anthocyanin-rich corn 

or colored barley with ruminal fluid had no effect on the degradation of anthocyanin 

(Hosoda et al., 2009; Song et al., 2012). Their results may be a definite explanation 

that anthocyanins in plants are not broken down in the rumen. In the current study, 

anthocyanin-rich PSS had a lower level of GP at 3 h as well as the a parameter, 

perhaps because it had the relatively high content of fiber content and relatively low 

level of WSC, resulting in slower degradation rate (Brebu and Vasile, 2010). 

Consistent with our results, Mangan (1988) who reported that the flavonoid family can 

be prevented bloating by reducing the degradability of ruminal fluid nutrients. A 

similar conclusion was also given for the lower amount of GP in anthocyanin-rich 

grape pulp (Spanghero et al., 2009). Therefore, anthocyanins may only have potential 

value in improving ruminant health rather than providing individual bodies with access 
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to nutrients. Correddu et al. (2015) demonstrated that the rumen metabolism of 

lactating dairy-ewe was markedly influenced by dietary supplementation with 

anthocyanin-rich grape. Similarly, the feeding of anthocyanin-rich purple corn silage 

may increase superoxide dismutase (SOD) activity in the plasma, but had no effect on 

rumen fermentation parameters in lactating dairy cows (Hosoda et al., 2012a). In short, 

it was safe to assume that anthocyanins had no negative impact on rumen fermentation, 

but they had the potential to inhibit GP for prevention of ruminant bloating. 

 In this report, anthocyanins might be able to affect carbohydrate metabolism to 

provide more energy for ruminants by inhibiting AA production, increasing the 

proportion of PA. Hosoda et al. (2012a) reported that the feeding of anthocyanin-rich 

purple corn silage resulted in a lower AA to PA ratio in lactating dairy cows. However, 

Hosoda et al. (2012b) showed that the feeding of purple rice silage had higher ruminal 

fluid pH value and lower VFA because of poor nutrients and silage fermentative 

quality. As a consequence, nutrient composition could be one of the main factors 

affecting rumen fermentation, since anthocyanins may escape from the rumen to reach 

the small intestine for digestion and absorption. However, based on the present study, 

some chemical composition parameters in both silages were so significantly different 

that it was difficult to identify clearly whether the difference in rumen fermentation 

was responsible for the amount of anthocyanin or chemical composition difference. An 

interesting perspective on anthocyanins showed that they have the potential to be 

absorbed into milk, thereby improving consumers’ health. In this regard, additional 

experimental data based on in vivo studies are needed to verify the effect of antioxidant 

activity for dairy ruminants. 
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3.7  Conclusion   

 The present study indicated that although the anthocyanins content in 

anthocyanin-rich PS declined during the ensilage period, it could be maintained in a 

stable condition. The anthocyanin-rich PSS showed excellent silage fermentative 

quality, higher level of anthocyanins, and stronger antioxidant activity compared to the 

SSS. Additionally, anthocyanin-rich PSS had no negative effect on rumen fermentation 

parameters. Thus, anthocyanin-rich PSS has the potential to become an ideal roughage 

for ruminants. Further studies are needed to determine the mechanism of feeding 

anthocyanin-rich PSS on rumen microorganisms, plasma antioxidant activities, 

expression of oxidative stress-related genes, and milk production in dairy ruminants. 
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CHAPTER IV 

EFFECTS OF ANTHOCYANIN-RICH PURPLE CORN 

(Zea mays L.) STOVER SILAGE ON DIGESTIBILITY, 

ANTIOXIDANT ACTIVITIES, AND MAMMARY GLAND 

TISSUE INFLAMMATORY AND ANTIOXIDANT GENE 

EXPRESSION IN DAIRY GOATS 

 

4.1  Abstract 

 Eight healthy multiparous Saanen dairy goats (body weight (BW), 41.50 ± 1.84 

kg; mean ± standard deviation (SD)) were assigned to a double 4 × 4 Latin square 

design. There were four treatments: (1) negative control, fed rice straw (RSNC); (2) 

positive control 1, fed sticky corn stover silage (SSS; SSPC); (3) goats fed 

anthocyanin-rich purple corn (Zea mays L.) stover silage (PSS; APSS); and (4) 

positive control 2, fed SSPC with 1 g/d commercial purple corn pigment (SSPP). The 

results showed that dry matter intake (DMI) did not differ (P>0.05) among the 

treatments. Goats receiving RSNC had lower (P<0.05) levels of nutrient apparent 

digestibility, nitrogen (N) absorption, N retention, propionic acid (PA), butyric acid 

(BA), and total volatile fatty acid (TVFA), ratio of acetic acid (AA) to PA compared to 

the other treatments. Dietary supplementation of the APSS and SSPP showed higher 

(P<0.05) levels of 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity and 

superoxide dismutase (SOD) in plasma. Goats fed APSS and SSPP displayed higher 
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(P<0.05) levels of the abundance of nuclear factor, erythroid 2 like 2 (NFE2L2), and 

lower (P<0.05) level of tumor necrosis factor (TNF) in the mammary gland compared 

with those fed RSNC. Although the mRNA abundance of SOD3 and catalase (CAT) in 

mammary gland were unaffected (P>0.05) among the treatments, goats receiving 

APSS tended to increase (P<0.05) the levels of SOD2, GPX1, and GPX2 mRNA 

expression. There were significant (P<0.05) positive correlations between DPPH 

scavenging activity, total antioxidant capacity (TAC), SOD, and CAT enzymes in 

plasma and the abundance of NFE2L2 in mammary gland. Similarly, stronger (P<0.05) 

positive correlations were noted between some inflammatory genes expression and 

several antioxidant genes expression. Therefore, the current study indicated that the 

consumption of anthocyanin-rich PSS by dairy goats had no negative effect on DMI, 

apparent digestibility, nitrogen utilization and rumen fermentation parameters, whereas 

it had the potential to alleviate the oxidative stress condition by improving antioxidant 

capacity in plasma and modulating inflammatory and antioxidant mRNA gene 

expression in mammary gland.  

Key words: anthocyanin-rich purple corn stover silage, digestibility, antioxidant 

activity, gene expression, dairy goats 

 

4.2  Introduction 

 Free radicals (FRs) and other reactive oxygen species (ROS) are constantly 

formed in the animals’ body (Aruoma, 1998). In general, animals are protected against 

FRs or ROS by a wide range of their natural antioxidant enzymes (Miller et al., 1993). 

However, animals from tropical and subtropical countries/areas are prone to oxidative 

stress (OS) status due to they have a long high temperature period (Salles et al., 2010). 
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 A recent study has already shown that supplementation of antioxidants in 

ruminant diet could be alleviated OS status (Rizzo et al., 2013). Moreover, additional 

literatures have been reported to the anthocyanins have a stronger antioxidant capacity 

than other antioxidants (Rice-evans et al., 1995; Bagchi et al., 1997). Furthermore, 

anthocyanins had the ability to modulate related antioxidant mRNA gene expression 

(Elliott et al., 1992). For example, Han et al. (2006) indicated that the inclusion of 

anthocyanin-rich purple potato flake extract in rats had the strong activity of 

scavenging FR and showed higher levels of hepatic superoxide dismutase (SOD) and 

glutathione peroxidase (GPX) mRNA expression.  

 Purple corn has a larger amount of anthocyanins compare to other materials 

source, which is a kind of field crop vastly grown in Thailand (Phinjaturus et al., 

2016). Our previous work has shown that anthocyanin-rich purple corn stover silage 

(PSS) had an abundant of anthocyanin composition and displayed a stronger 2,2-

diphenyl-1-picrylhydrazyl (DPPH) scavenging activity relative to the sticky corn 

stover silage (SSS), making it become one of the most exciting new super roughage for 

ruminants. To date, information about anthocyanins to prevent OS status in dairy goats 

is scarce. Accordingly, the present study was to investigate the effect of anthocyanin-

rich PSS on plasma antioxidant capacity, and mRNA abundance of the related to 

inflammatory and antioxidant genes in the mammary gland of Saanen dairy goats. 

 

4.3  Materials and Methods  

4.3.1  Animal, diets and experimental design 

 The experiment was conducted at Suranaree University of Technology 

(SUT) farm, Nakhon Ratchasima, Thailand (14°53'37.9"N, 102°01'22.0"E). Eight 
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healthy multiparous Saanen dairy goats (body weight (BW), 41.50 ± 1.84 kg; mean ± 

standard deviation (SD)) were assigned to a double 4×4 Latin square design. Periods 

were 21-d in length with 19-d for adapting goats to diets and 2-d for sampling. The 

four treatments were: (1) negative control, fed rice straw (RSNC); (2) positive control 

1, fed SSS (SSPC); (3) goats fed anthocyanin-rich PSS (APSS); and (4) positive 

control 2, fed SSPC with 1 g/d commercial purple corn pigment (SSPP). Purple corn 

pigment is the commercial product (Nanjing Herd Source Bio-technology Co., Ltd., 

Nanjing, China). 1 g/d purple corn pigment was used in this study according to Hosoda 

et al. (2012b). The goats were housed in clean individual pens with free access to water 

(H2O) and were fed diet with a ratio of roughage: concentrate at 50:50. Ration was 

offered in equal amounts twice daily at 08:00 and 17:00 for ad libitum intake. The 

diets (Table 4.1) were formulated to meet requirements for dairy goat having 40 kg of 

BW according to the NRC (1981). Moreover, nutrient composition and anthocyanin 

composition in two types of corn stover silage was shown in Table 4.2. 
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Table 4.1  Ingredient and nutrient composition of experimental diets.  

Item Treatment 

 RSNC
1
 SSPC APSS SSPP 

Ingredient (% DM)     
    Rice straw       50.0    

    Sticky corn silage        50.0        50.0 

    Purple corn silage         50.0  

    Soybean meal         9.5         7.7         7.2         7.7 

    Rice bran       10.0       10.0       10.0       10.0 

    Cassava chip       10.9       24.2       24.7       24.2 

    Corn       15.0         6.5         6.5         6.5 

    Salt         0.4         0.4         0.4         0.4 

    Limestone         0.2         0.2         0.2         0.2 

    Vitamin premix
2
         0.5         0.5         0.5         0.5 

    Mineral permix
3
         0.5         0.5         0.5         0.5 

    Palm olein         3.0    

    Total     100.0     100.0     100.0     100.0 

    Purple corn pigment (g/d)
4
            1.0 

Chemical composition     

    DM (%)
5
       93.84       58.79       57.93       58.74 

    OM (% DM)       90.08       92.74       93.20       92.84 

    CP (% DM)       10.06       10.07       10.06       10.10 

    GE (kJ/g DM) 16803.05 16739.33 16879.16 16795.85 

    NDF (% DM)       47.44       43.23       43.37       43.37 

    ADF (% DM)       27.64       25.26       24.51       25.16 

    Hemicellulose (% DM)      19.79       17.97       18.86       18.21 

    Ash (% DM)        9.92         7.26         6.80         7.16 

1
 RSNC = negative control of goats fed rice straw; SSPC = positive control of goats fed sticky 

corn stover silage; APSS = goats fed anthocyanin-rich purple corn stover silage; SSPP = 

positive control of goats fed sticky corn stover silage with 1 g/d commercial purple corn 

pigment.  
2
 Vitamin premix contained (per kg of premix): vitamin A 12000000 IU; vitamin D3 2400000; 

vitamin E 750 mg; vitamin B1 980 mg; vitamin B2 960 mg; vitamin B6 654 mg; vitamin B12 

1658 µg; vitamin B9 133 mg; calcium pantothenate 2940 mg; nicotinamide 8910 mg; K 637 

mg; vitamin B4 446 g; Na 289.4 g; citrate 850.5 mg. 
3
 Mineral premix contained (per kg of premix): Fe 12 g; Cu 2 g; Mn 7 g; Mg 5 g; Zn 15 g; Co 

2 g; I 2 g; Ca 195.27 g; P 144.33 g. 
4
 Purchased from Nanjing Herd Source Bio-technology Co., Ltd., Nanjing, China.  
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5
 DM = dry matter; OM = organic matter; CP = crude protein; GE = gross energy; NDF = 

neutral detergent fiber; ADF = acid detergent fiber.  

 

Table 4.2  Nutrient composition and anthocyanin composition in two types of corn 

stover silage. 

Item
1
 Type of corn stover silage

2
 

        SSS PSS 

Nutrient composition   

      DM (%)        23.16       21.58 

      OM (% DM)        92.94       93.81 

  CP (% DM)          6.56         7.11 

  GE (kJ/g DM)  16949.06 17044.35 

  NDF (% DM)        62.42       61.27 

  ADF (% DM)        39.36       38.12 

  Hemicellulose (% DM)        23.06       23.16 

  Ash (% DM)          7.06         6.19 

Anthocyanin composition                      

  C3G (mg/100g DM)          3.06          2.92 

  Del (mg/100g DM)          8.36          8.82 

  P3G (mg/100g DM)            -            - 

  Peo (mg/100g DM)          3.27          4.62 

  M3G (mg/100g DM)          3.85          7.14 

  Cya (mg/100g DM)        11.25        14.01 

  Pel (mg/100g DM)          9.01        10.17 

  Mal (mg/100g DM)            -        39.77 

  Total (mg/100g DM)        38.80        87.46 

1
 DM = dry matter; OM = organic matter; CP = crude protein; GE = gross energy; NDF = neutral 

detergent fiber; ADF = acid detergent fiber; C3G = cyanidin-3-glucoside; Del = delphinidin; P3G = 

pelargonidin-3-glucoside; Peo = peonidin; M3G = malvidin-3-O-glucoside; Cya = cyanidin; Pel = 

pelargonidin; Mal = malvidin; - = not detected. 
2
 SSS = sticky corn stover silage; PSS = anthocyanin-rich purple corn stover silage. 
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 4.3.2  Sample collection 

 Data were obtained for continuously monitored DMI in each day. Feed 

ingredients (approximately 100 g) were sampled weekly and composited by period. At 

the conclusion of each period, feed ingredients and feed refusal composites were dried 

in the oven at 65°C for 72 h, and then ground and passed through a 1-mm sieve and 

kept at 4°C until further analysis. 

 Fecal (around 100 g) and urine (approximately 30 mL) samples were collected 

on days 15 through 21 (2 days of adaptation period and 5 days of metabolic 

trial period). At the conclusion of each period, fecal samples were dried in the oven at 

65°C for 72 h and ground to pass through a 1-mm sieve after grinding and kept 4°C 

until further analysis. Fecal and urine samples were also composited by each period. 

Daily collection of urine of each animal was acidified with 20% sulphuric acid 

(H2SO4) to keep the pH < 3, and then stored at -20°C until the analysis of chemical 

composition. 

 On day 20 of each period, blood (6 mL) and ruminal fluid (around 30 mL) 

samples were collected at 0, 2, and 4 h from jugular vein by vacuette® tubes (Greiner 

Bio-One GmbH, Frickenhausen, Germany) with K3-EDTA and by a vacuum pump 

through the mouth, respectively. For blood, after centrifugation at 4000 r/min for 15 

min at 4°C (Sorvall
TM

 Legend
TM

 XT/XF Centrifuge Series, Thermo Fisher Scientific 

Pte Ltd., Waltham, USA), the plasma was transferred to 1.5 ml tubes and stored at -80°C 

until further analysis. Alternatively, ruminal fluid pH value was measured immediately 

using a portable pH meter, and then its portion was passed through 4 layers of 

cheesecloth to remove feed particles. Meanwhile, 20 mL ruminal fluid sample and 5 
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mL HCl (6 mol/L) were stored in a container after mixing together, and then moved to 

-20°C until analysis the rumen fermentation parameters. 

 Mammary gland tissue biopsies were conducted on day 21 of each period by 

the methods of Farr et al. (1996) and Zhang et al. (2015). The goat was administered 

with a subcutaneous injection of a Penomycin (Procaine and Sodium penicillins with 

Streptomycin; Manufacturing Co., Ltd., Sukhumvit Road, Samutprakam) and the 

sample was taken using a semi-automatic biopsy needle (16 G × 90 mm, SAG-16090, 

TSK Corporation, Japan). The sample was immediately transferred to the 1.5 mL tube 

and snap frozen in liquid nitrogen and stored at -80°C until the assay was performed. 

 4.3.3  Chemical analyses 

  Dry matter (DM), crude protein (CP)/nitrogen (N) and ash were 

analyzed according to the feed proximate analysis of the Association of Official 

Analytical Chemists (AOAC, 2005). Neutral detergent fiber (NDF) and acid detergent 

fiber (ADF) were measured by the method of Van Soest et al. (1991). Organic matter 

(OM) and hemicellulose were calculated using the following equations, respectively: 

OM = 100-ash; hemicellulose = NDF-ADF. Gross energy (GE) was analyzed using a 

Parr 6200 calorimeter (Moline, Illinois, USA). The anthocyanin composition in the 

silage extract was analyzed by a high performance liquid chromatography (HPLC; 

1260 Infinity II LC, Agilent Technologies, Santa Clara, CA, USA) according to 

Hosoda et al. (2009). 

 4.3.4  Rumen fermentation parameters 

 The ammonia nitrogen (NH3-N) was assayed as per the method of 

Bremner and Keeney (1965). Acetic acid (AA), propionic acid (PA), and butyric acid 
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(BA) were determined using the HPLC. Total volatile fatty acid (TVFA) = AA + PA + 

BA. 

 4.3.5  Analysis of antioxidant activity enzymes in plasma 

 The DPPH scavenging activity in the plasma was assayed 

spectrophotometrically according to Wei and Chiang (2009), using a stable free radical 

DPPH (Sigma-Aldrich, Pcode: 101845869) with a slight modification. Briefly, 50 µL 

of each sample was added to 1 mL of methanolic solution of DPPH reagent (25 

µmol/L) in a 1.5 mL tube. The mixture was shaken vigorously and incubated in the 

dark at room temperature for 30 min, and then centrifuged at 4000 r/min for 10 min at 

4°C. 200 µL of the supernatant was transferred to a 96-well plate immediately and the 

absorbance was detected at 517 nm via a microplate reader (Epoch, BioTek, Luzern, 

Switzerland). DPPH scavenging activity was calculated by the following formula: 

DPPH scavenging activity = (Ac-As) × 100/Ac, where Ac is the absorbance of the 

control, and As is the absorbance of the sample. 

 The TAC in the plasma was determined using a commercially available kit 

(Catalog Number MAK187-1KT, Sigma-Aldrich, Product of USA), according to 

manufacturers’ protocol. In the kit, either the concentration of the combination of both 

small molecule and protein antioxidants, or the concentration of only small molecule 

antioxidants can be determined. Cu
2+

 ion is converted to Cu
+
 by both small molecules 

and proteins. However, the use of the Protein Mask prevents Cu
2+

 reduction by protein, 

enabling the analysis of only the small molecule antioxidants. The reduced Cu
+
 ion 

chelates with a colorimetric probe, giving a broad absorbance peak at 570 nm, which is 

proportional to the total antioxidant capacity. The kit gives antioxidant capacity in 
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Trolox (a water-soluble vitamin E analog, serves as an antioxidant standard) 

equivalents (ranging from 4-20 nmole/well). 

 The activity of SOD enzyme was measured according to a commercial assay kit 

(PCode 101869510, 19160-1KT-F, Sigma-Aldrich, Product of Japan). The Kit-WST 

allows very convenient SOD assaying by utilizing a water-soluble tetrazolium 

salt, WST-1 (2-(4-Iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-

tetrazolium, monosodium salt) that produces a water-soluble formazan dye upon 

reduction with a superoxide anion. The rate of the reduction with reactive oxygen 

species (O2
-.
) are linearly related to the xanthine oxidase (XO) activity, and is inhibited 

by SOD. Absorbance was measured at 440 nm using a microplate reader (Epoch, 

BioTek, Luzern, Switzerland). Calculation the SOD activity (inhibition rate %) was 

done using the following equation. SOD activity (inhibition rate %) = {[(Ablank 1 – 

Ablank 3) – (Asample – Ablank 2)]/ (Ablank 1 – Ablank 3)} × 100. 

 Glutathione Peroxidase (GPX) enzyme activity was determined by an indirect 

method, using the Sigma Glutathione Peroxidase Cellular Activity Assay kit (Catalog 

number: CGP1-1KT, Sigma-Aldrich, Product of Israel). The kit is based on the 

oxidation of glutathione (GSH) to oxidized glutathione (GSSG) catalyzed by GPX, 

which is then coupled to the recycling of GSSG back to GSH utilizing glutathione 

reductase (GR) and β-Nicotinamide Adenine Dinucleotide Phosphate, Reduced 

(NADPH). The decrease in NADPH absorbance measured at 340 nm during the 

oxidation of NADPH to NADP
+
 is indicative of GPX activity, since GPX is the rate 

limiting factor of the coupled reactions. The GPX positive control was purchased 

glutathione peroxidase from erythrocytes (Catalog number: G6137-100UN, Sigma- 

Aldrich, Product of USA). 1 unit of GPX will cause the formation of 1.0 µmol of 
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NADP
+
 from NADPH per minute at pH 8.0 at 25°C in a coupled reaction in the 

presence of reduced glutathione, glutathione reductase, and tert-butyl hydroperoxide. 

 The catalase (CAT) enzyme activity was determined by a colorimetric assay, 

using a commercial kit (Pcode 1002565186, CAT100-1KT, Sigma-Aldrich, Product of 

Israel). This assay method is based on the measurement of the hydrogen peroxide 

substrate remaining after the action of catalase. First, the catalase converts hydrogen  

peroxide to water and oxygen (catalatic pathway) and then this enzymatic reaction is 

stopped with sodium azide. An aliquot of the reaction mix is then assayed for the  

amount of hydrogen peroxide remaining by a colorimetric method. The colorimetric 

method uses a substituted phenol (3,5-dichloro-2-hydroxybenzenesulfonic acid), which 

couples oxidatively to 4-aminoantipyrine in the presence of hydrogen peroxide and 

horseradish peroxidase (HRP) to give a red quinoneimine dye (N-(4-antipyryl)-3- 

chloro-5-sulfonatep-benzoquinone-monoimine) that absorbs at 520 nm. One unit of 

catalase will decompose 1.0 micromole of hydrogen peroxide to oxygen and water per 

minute at pH 7.0 at 25°C at a substrate concentration of 50 mM hydrogen peroxide.

 4.3.6  Analysis of mammary gland tissue gene expression 

         Total RNA was extracted from the mammary gland using TRIzol 

Reagent method according to Labrecque et al. (2009), with a minor modification. 

Briefly, the sample was transferred into 2 mL tube, and added 1 mL TRIzol Reagent 

(Thermo Fisher Scientific, USA) and 0.1 g of the 0.5 mm dia. Zirconia/silica (Cat. No. 

11079105z, BioSpec Products) and run in a homogenizer. The total RNA was 

dissolved with DEPC water (Ambion by Life Technologies, made in USA) and was 

DNase digested the RNase-Free DNase I. After that, purity of the extracted RNA was 

analyzed by assaying the 260/280 absorbance ratio, using a NanoVue 
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spectrophotometer (GE Healthcare Bio-Sciences, Pittsburgh, United States). Integrity 

of the extracted RNA was assessed by verifying the presence of 18S and 28S RNA 

bands, using an ImageQuant LAS 500 imager (GE Healthcare Bio-Sciences, 

Pittsburgh, United States) electrophoresis on a 1% agarose gel. Complementary DNA 

(cDNA) synthesis was performed as described by ImProm-II
TM

 Reverse Transcription 

System (Promega Corporation, Madison, USA). 

 All samples were assayed using quantitative real-time Polymerase Chain 

Reaction (real-time PCR) amplification by a Roche LightCycler® 480 real-time PCR 

System (Roche Diagnostics GmbH, Penzberg, Germany). Nine target genes (TG) 

were: nuclear factor, erythroid 2 like 2 (NFE2L2), heat shock transcription factor 1 

(HSF1), heat shock 70kDa protein 1A (hspA1A), tumor necrosis factor (TNF), SOD2, 

SOD3, GPX1, GPX2, and CAT; and the housekeeper gene (HG): glyceraldehyde-3-

phosphate dehydrogenase (GAPDH). Nucleotide sequences obtained from the National 

Center for Biotechnology Information (NCBI) and the primers set for all genes were 

designed using GenScript real-time PCR (TaqMan) Primer Design tool and were 

synthesized by the Bio Basic Inc. Company (Table 4.3). The real-time PCR 

amplifications were performed in a 10 µL reaction volume, which consisted of 5 µL of 

2× Roche 04707516001 LightCycler® 480 SYBR Green I Master (Roche Diagnostics 

GmbH, Mannheim, Germany), 2 µL of 10× diluted cDNA, and 1 µL of forward (500 

nM) and reverse (500 nM) primers, respectively. After that, the plates (LightCycler® 

480 multiwell plate 96, white; Roche Diagnostics GmbH, Mannheim, Germany) were 

centrifuged at 4°C, 1500 rpm for 3 min (Universal 320, Hettich Zentrifugen, 

Germany). Cycling conditions were 10 min at 95°C for pre-incubation, followed by 

forty cycles of 30 s at 95°C for amplification, and 55°C to 57.5°C for 1 min (annealing 
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temperature optimized depending on primers), and cooling at 40°C for 30 s. 

Amplifications were performed in triplicate for each gene. 

 

Table 4.3  Primer sequences used for real-time PCR amplifications in this study. 

Gene
1
 Primer sequences (5' –3')

2
 Accession 

number 

Product 

size (nt) 

Annealing 

temperature (°C) 

NFE2L2 (F) GGCCCATTGACCTCTCTGAT NM_001314327.1         131            57 

 (R) TGATGCCATGCTTGGACTTG    

HSF1 (F) GCCATGAAGCATGAGAACGA NM_001314344.2         111            55.5 

 (R) CAGCGAGATGAGGAACTGGA    

hspA1A (F) GGACATCAGCCAGAACAAGC JN656104.1         137            57 

 (R) TGGACGTGTTGAAGTCGATG    

TNF (F) CGTATGCCAATGCCCTCAAG NM_001286442.1           82            57 

 (R) ATGAGGTAAAGCCCGTCAGT    

SOD2 (F) CTGTTGGTGTCCAAGGTTCC XM_018053428.1         153            56 

 (R) AATAAGCATGCTCCCACACG    

SOD3 (F) ATCCACGTGCACCAGTTTG NM_001285675.1           74            56 

 (R) ACGGACATCGGGTTGTAGTG    

GPX1 (F) CCTGGTGGTACTCGGCTT XM_005695962.3           91            57.5 

 (R) TCGGACGTACTTCAGGCAAT    

GPX2 (F) CCGCACCTTCCAAACCATTA XM_005685982.3         103            55.5 

 (R) AAAGACACTCAGGGCAGGAG    

CAT (F) CCTGTTCAGTGATCGAGGGA XM_005690077.3           97            57 

 (R) AACTGCCTCTCCATTGGCAT    

GAPDH (F) CACAGTCAAGGCAGAGAACG XM_005680968.3         109            56 

 (R) GTACTCAGCACCAGCATCAC    

 1
 NFE2L2 = nuclear factor, erythroid 2 like 2; HSF1 = heat shock transcription factor 1; hspA1A = heat shock 

70kDa protein 1A; TNF = tumor necrosis factor; SOD = superoxide dismutase; GPX = glutathione peroxidase; 

CAT = catalase; GAPDH = glyceraldehyde-3-phosphate dehydrogenase. 
   

 2
 F = forward; R = reverse. 
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4.4  Statistical analysis 

 All results were analyzed as a 4 × 4 double Latin square design using the 

Analysis of Variance (ANOVA) procedure of Statistical Analysis System 9.1.3 (SAS 

Inst. Inc., Cary, NC). The relative mRNA abundance was calculated as 2
-△△Ct

 method, 

△△Ct = (Cttarget gene unknown sample– CtGAPDH unknown sample) –  (Cttarget gene calibrator sample –  

CtGAPDH calibrator sample). Averaged abundance of the gene in RSNC data was considered 

as the calibrator, and the data was analyzed by ANOVA procedure. Pearson correlation 

coefficients (r) were analyzed the relationship between antioxidants in plasma and the 

genes expression of inflammatory and antioxidant in mammary gland. Differences 

were considered statistically significant at P<0.05. 

 

4.5  Discussion 

 4.5.1  DMI and digestibility 

 There was no significant difference (P>0.05) in the DMI (g/d), BW (%), 

and g/kg BW
0.75

 (%) for four treatments in all experimental periods (Table 4.4). 

However, the apparent digestibility of DM, OM, CP, GE, NDF, and ADF in the goats 

receiving the SSPC, APSS, and SSPP were significantly higher (P<0.05) than that in 

the RSNC goats. 

 No significant differences (P>0.05) were observed in the N intake and N 

excretion from urine among the treatments (Table 4.5). N excretion from feces and 

total N excretion of the RSNC were significantly higher (P<0.05) than that of the 

SSPC and APSS treatments. In contrast, the N absorption and N retention in the RSNC 

were significantly lower (P<0.05) than those in the other treatments. 
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Table 4.4  DMI and apparent digestibility of dairy goats in different treatments. 

Item
1
  Treatment

2
 SEM P-value 

RSNC SSPC APSS SSPP 

DMI (g/d) 908 933 941 931 12.9796 0.4231 

BW (%) 2.19 2.25 2.27 2.24 0.0313 0.4428 

g/kg BW
0.75

 (%) 55.54 57.07 57.51 56.92 0.7946 0.4428 

Apparent digestibility (%) 

DM   6.80
b
 63.92

a
 66.90

a
 64.78

a
 1.7657 0.0065 

      OM   1.19
b
   67.14

a
   9.85

a
   68.16

a
   1.5208 0.0066 

      CP   47.71
b
   59.65

a
   57.84

a
   56.32

a
   1.9374 0.0363 

      GE   59.20
b
   64.43

a
   67.43

a
   65.53

a
   1.5391 0.0201 

      NDF   32.45
b
   44.28

a
   43.35

a
   45.95

a
   3.2529 0.0418 

      ADF   31.95
b
   43.69

a
   42.58

a
   45.14

a
   2.4924 0.0207 

Values represented the means of 8 replicates (n = 8). 

Means with different letters within a row are significantly different (P<0.05). 

1
 BW = body weight; DMI = dry matter intake; DM = dry matter; OM = organic 

matter; CP = crude protein; GE = gross energy; NDF = neutral detergent fiber; ADF = 

acid detergent fiber. SEM = standard error of the mean. 

2
 RSNC = negative control of goats fed rice straw; SSPC = positive control of goats 

fed sticky corn stover silage; APSS = goats fed anthocyanin-rich purple corn stover 

silage; SSPP = positive control of goats fed sticky corn stover silage with 1g/d purple 

corn pigment. The same as below. 
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Table 4.5  Nitrogen utilization of dairy goats in different treatments. 

Item Treatment SEM P-value 

RSNC SSPC APSS SSPP   

N intake (g/d) 14.62 15.04 15.15 15.04 0.2092 0.4034 

N excretion from feces (g/d)   7.65
a
   6.07

b
   6.39

b
   6.57

ab
 0.2922 0.0464 

N excretion from urine (g/d)   5.22   4.35   4.09   4.31 0.3263 0.2466 

Total N excretion (g/d) 12.87
a
 10.42

b
 10.48

b
 10.88

b
 0.3125 0.0036 

N absorption (g/d)   6.97
b
   8.97

a
   8.76

a
   8.47

a
 0.2922 0.0213 

N absorption (%) 47.71
b
 59.65

a
 57.84

a
 56.32

a
 1.9374 0.0363 

N retention (g/d)   1.75
b
   4.62

a
   4.67

a
   4.16

a
 0.3087 0.0009 

N retention (%) 11.95
b
 30.72

a
 30.85

a
 27.67

a
 2.1708 0.0011 

Values represented the means of 8 replicates (n = 8). 

 2
 RSNC = negative control of goats fed rice straw; SSPC = positive control of goats 

fed sticky corn stover silage; APSS = goats fed anthocyanin-rich purple corn stover 

silage; SSPP = positive control of goats fed sticky corn stover silage with 1g/d purple 

corn pigment. The same as below. 
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 4.5.2  Rumen fermentation parameters 

 Treatments had no effect (P>0.05) on the pH, NH3-N and AA values 

(Table 4.6). Goats receiving RSNC showed lower (P<0.05) levels of PA, BA, and 

TVFA than the other treatments. For VFA (% Molar), RSNC treatment displayed 

lower (P<0.05) levels of PA and BA, whereas it reduced (P<0.05) AA and ratio of AA 

to PA compared to the other groups. 

 

Table 4.6  Rumen fermentation parameters of dairy goats in different treatments. 

Item
1
 Treatment  SEM P-value 

RSNC SSPC APSS SSPP 

pH   6.82   6.88   6.80   6.78 0.0584   0.7056 

NH3-N (mg/dL) 11.94 12.33 11.65 12.20 0.7302   0.9277 

AA (mmol/L) 40.13 40.87 41.40 42.35  1.5851   0.7912 

PA (mmol/L) 14.44
b
 16.99

a
 17.74

a
 19.34

a
 0.8640   0.0039 

BA (mmol/L)   5.11
b
   8.64

a
   8.52

a
   9.18

a
 0.4030 <0.0001 

TVFA (mmol/L) 59.68
b
 66.50

ab
 67.66

a
 70.87

a
 2.5167   0.0283 

VFA (% Molar)       

    AA 67.21
a
 61.60

b
 61.18

b
 59.71

b
 0.8132 <0.0001 

    PA 24.22
b
 25.50

ab
 26.23

ab
 27.27

a
 0.7536   0.0527 

    BA   8.57
b
 12.89

a
 12.59

a
 13.02

a
 0.3613 <0.0001 

    Ratio of AA to PA   2.90
a
   2.50

b
   2.50

b
   2.28

b
 0.1241   0.0126 

     
Values represented the means of 8 replicates (n = 8).

 

 1
 NH3-N = ammonia nitrogen; AA = acetic acid; PA = propionic acid; BA = butyric acid; 

TVFA = total volatile fatty acid. 
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 4.5.3  Antioxidant activity in plasma  

 As shown in Table 4.7. There was no effect (P>0.05) of dietary 

treatments on the activity of plasma TAC, GPX, and CAT, whereas goats receiving 

APSS and SSPP led to a significant elevation (P<0.05) for the activity of DPPH 

scavenging activity and SOD in plasma.  

 

Table 4.2  Antioxidant activity in plasma of dairy goats in different treatments. 

Item
1
 Treatment SEM P-value 

 RSNC  SSPC   APSS  SSPP 

    DPPH scavenging activity (%)   19.92
b
   22.90

ab
   24.88

a
   24.81

a
 1.0340 0.0069 

    TAC (nmole/µl)   37.32   37.62   40.11   38.95  0.8399 0.1303 

    SOD (inhibition rate %)   87.12
b
   87.08

b
   90.48

a
   90.61

a
  0.9254 0.0094 

    GPX (mmol/min/ml)   35.02   34.84   35.61   36.04  0.4865 0.3264 

    CAT (µmoles/min/ml)   63.00   66.30   67.27   66.84  2.6556 0.6863 

 
Values represented the means of 8 replicates (n = 8).

 

 1 
DPPH = 2, 2-diphenyl-1-picrylhydrazyl; TAC = total antioxidant capacity; SOD = 

superoxide dismutase; GPX = glutathione peroxidase; CAT = catalase. 

 

 4.5.4  Relative mRNA abundance of inflammatory genes 

 The abundance of NFE2L2 mRNA was down-regulated (P<0.05) gene 

in the mammary gland of goats receiving RSNC relative to the other treatments 

(Figure 4.1). Goats fed the SSPC diet had higher (P<0.05) levels of HSF1, hspA1A, 

and TNF mRNA abundance in the mammary gland compared with those fed the 

RSNC and SSPP treatments. There was no difference (P>0.05) in the HSF1, hspA1A, 

and TNF mRNA abundance of goats receiving APSS relative to the RSNC. 
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Furthermore, the addition of SSPP in goats decreased (P<0.05) mammary gland TNF 

mRNA expression when compared with the RSNC treatment. 

 4.5.5  Relative mRNA abundance of antioxidant genes 

 As shown in Figure 4.2. Goats receiving SSPC displayed a higher 

(P<0.05) level of GPX1 mRNA abundance in the mammary gland compared to the 

RSNC treatment. APSS treatment showed the higher (P<0.05) levels of the mRNA 

abundance of SOD2, GPX1, and GPX2. GPX1 mRNA abundance was up-regulated 

(P<0.05) in the mammary gland of goats fed SSPP than of goats fed RSNC. Of 

interest, no differences (P>0.05) were observed for SOD3 and CAT mRNA abundance 

among all treatments. 

4.5.6  Pearson correlation coefficients 

         Significant (P<0.05) positive correlations were observed between DPPH 

scavenging activity, TAC, SOD, and CAT enzymes in plasma and NFE2L2 (Table 

4.6). There were significant (P<0.05) negative correlations between TAC, SOD, and 

GPX enzymes and the abundances of hspA1A and TNF. Moreover, significant 

(P<0.05) positive correlations were detected between several antioxidant enzymes 

(DPPH scavenging activity, TAC, CAT) and the mRNA expression of some 

antioxidant genes (SOD2, GPX1).  

 As shown in Table 4.7. There were significant (P<0.05) positive correlations 

between some inflammatory genes expression and several antioxidant genes 

expression, such as, NFE2L2 and SOD2, GPX1; HSF1 and SOD3, GPX1; hspA1A 

and GPX1, CAT; and TNF and CAT. 
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Figure 4.1  Relative mRNA abundance of inflammatory genes in mammary gland 

tissue of dairy goats in different treatments. RSNC = negative control of 

goats fed rice straw; SSPC = positive control of goats fed sticky corn 

stover silage; APSS = goats fed anthocyanin-rich purple corn stover 

silage; SSPP = positive control of goats fed sticky corn stover silage with 

1g/d purple corn pigment. Data reported as least-squares means ± SEM. 

Values represented the means of 8 replicates (n = 8). Relative 

quantification (RQ) of mRNA abundance for each gene was analyzed by 

the 2
-△△Ct

 method with the RSNC treatment as reference expression point. 

NFE2L2 = nuclear factor, erythroid 2 like 2; HSF1 = heat shock 

transcription factor 1; hspA1A = heat shock 70kDa protein 1A; TNF = 

tumor necrosis factor. 
a-c

 means different letters within a row are 

significantly different (P<0.05)
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Figure 4.2  Relative mRNA abundance of antioxidant genes in mammary gland 

tissue of dairy goats in different treatments. RSNC = negative control of 

goats fed rice straw; SSPC = positive control of goats fed sticky corn 

stover silage; APSS = goats fed anthocyanin-rich purple corn stover 

silage; SSPP = positive control of goats fed sticky corn stover silage with 

1g/d purple corn pigment. Data reported as least-squares means ± SEM. 

Values represented the means of 8 replicates (n = 8). Relative 
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quantification (RQ) of mRNA abundance for each gene was analyzed by 

the 2
-△△Ct

 method with the RSNC treatment as reference expression point. 

SOD = superoxide dismutase; GPX = glutathione peroxidase; CAT = 

catalase. 
a-c

 means different letters within a row are significantly different 

(P<0.05). 
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Table 4.8  Pearson correlation coefficients between antioxidant enzymes in plasma and genes expression in mammary gland. 

Item  NFE2L2  HSF1 hspA1A  TNF   SOD2 SOD3  GPX1 GPX2 CAT 

DPPH 

scavenging 

activity 

r   0.917   0.303 -0.093 -0.510   0.208   0.011   0.692 0.433   0.157 

P <0.0001   0.292   0.764   0.090   0.422   0.972   0.003 0.159   0.608 

TAC r   0.785   0.073 -0.436 -0.694   0.503 -0.160   0.338 0.829 -0.168 

 P   0.003   0.803   0.137   0.012   0.040   0.619   0.201 0.001   0.583 

SOD r   0.690 -0.139 -0.592 -0.853   0.096 -0.262   0.227 0.636 -0.221 

 P   0.013   0.635   0.033   0.0004   0.714   0.411   0.397 0.026   0.468 

GPX r   0.509 -0.300 -0.668 -0.891 -0.223 -0.329   0.069 0.430 -0.265 

 P   0.091   0.297   0.013 <0.0001   0.389   0.297   0.800 0.163   0.318 

CAT r   0.940   0.489   0.134 -0.314   0.310   0.128   0.826 0.354   0.285 

 P <0.0001   0.076   0.664   0.320   0.227   0.691 <0.0001 0.259   0.345 

7
7
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Table 4.9  Pearson correlation coefficients between inflammatory and antioxidant 

genes expression. 

Item  SOD2 SOD3 GPX1  GPX2 CAT 

NFE2L2 r 0.450 –0.089 0.760   0.484 0.142 

 P 0.040   0.783 0.001   0.111 0.643 

HSF1 r 0.362   0.588 0.698 –0.032 0.253 

 P 0.154   0.044 0.003   0.922 0.404 

hspA1A r 0.119   0.491 0.524 –0.541 0.619 

 P 0.649   0.105 0.037   0.069 0.024 

TNF r 0.084   0.486 0.202 –0.586 0.607 

 P 0.749   0.109 0.454   0.055 0.028 

 

4.6  Discussion  

 4.6.1  DMI and digestibility 

 In the present experiment, we found that although anthocyanin-rich PSS 

displayed a higher level of total anthocyanins relative to the SSS, goats consumed the 

feed in all treatments did not affect DMI, indicating that the feeding of the 

anthocyanins did not led to lower palatability for goats. It was likely that although 

anthocyanins had the potential to effect on the palatability, they had the ability to 

improve antioxidant activity, thereby without decreasing DMI. In addition, it is well 

known that the feed nutritional value usually dependents on its digestive 

characteristics and nutrient composition, especially for the CP and fiber fractions. In 

the current report, goats receiving APSS or SSPP showed remarkably higher apparent 

digestibility in all nutrients, better nitrogen balance and energy balance relative to the 
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negative control. However, Hosoda et al. (2012b) who demonstrated that apparent 

nutrient digestibilities were significantly lower in the purple rice silage treatment than 

in control groups due to purple rice silage had higher levels of fiber fractions in 

comparison to the control rice silage. This discrepancy may be explained that both the 

anthocyanin-rich PSS and SSS had the similar levels of chemical composition except 

the OM and ash content in this study. Alternatively, all treatments were equal in CP, 

thus fiber fractions were the major important factor affecting on the digestibility in this 

study. Rice straw had a high level of fiber and was difficult degraded by rumen 

microorganism, resulting in the lower level of digestibility in RSNC treatment 

compared to the other treatments. 

 4.6.2  Rumen fermentation parameters 

 Ruminal fluid pH value is too low (< 5.6) or too high (> 7.3) should be 

impacted on bacterial growth in ruminants (Keunen et al. 2002). In addition, ruminal 

fluid concentration of the NH3-N is generally affected by CP content in the diet 

(Hristov et al. 2004). In the current study, no significant difference was observed for 

the pH value and NH3-N concentration among the treatment. This was due to all diets 

were calculated to be the isonitrogenous and isoenergetic, thereby resulting in the pH 

and NH3-N content did not differ. This result was according with Hosoda et al. 

(2012a), who demonstrated that lactating dairy cows receiving higher level CP of 

anthocyanin-rich corn silages did not effect on the ruminal fluid pH value, but showed 

a higher level of NH3-N concentration compared with the control silage group. Our 

previous study showed that anthocyanins might be able to affect carbohydrate 

metabolism to provide more energy for ruminants by inhibiting AA production, 

increasing the proportion of PA.  The results of the current study showed that the 
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addition of APSS or SSPP of the dairy goats showed higher levels of PA, BA, and 

TVFA, whereas they had lower ratio of AA to PA compared to the negative control, 

perhaps because RSNC treatment diet had high level of fiber so that it was difficult 

degrade in the rumen, thereby showing lower level of VFA production. Of interest, no 

significant difference was observed during SSPC, APSS, and, SSPP treatments in this 

study. This might be because although anthocyanin-rich PSS showed higher level of 

anthocyanins, they seemed to be not broken down in the rumen; in addition, two types 

of silage had the similar chemical composition, thereby resulting in did not affect the 

VFA contents. Additionally, the type of VFA formed in the rumen depends on the type 

of substrate fermented, rumen environment, and microbial population (Messana et al., 

2013). The formation of AA is always accompanied by H2 and CO2 production, 

whereas PA production requires H2 to be formed as PA (Luthfi et al., 2018). Thus the 

fermentation of cell wall fiber increased AA : PA ratio in the RSNC treatment. 

Paengkoum (2010) had a similar result, who indicated that there was no significant 

difference in the VFA proportions and AA to PA ratio when Thai native×Anglo-

Nubian goats fed whole-plant corn silage as roughage diets. One study also did show 

that lactating dairy cows receiving the anthocyanin-rich corn silage did not affected 

ruminal fluid VFA production when compared with those fed control silage (Hosoda 

et al. 2012a).  

 4.6.3  Antioxidant activity in plasma 

 Literature has been reported to anthocyanins can be absorbed intact into 

blood (McGhie et al., 2003; Passamonti et al., 2003). Moreover, anthocyanins have 

been shown a strong antioxidant activity by providing electrons to excessive FRs 

(Dixon et al., 2005). DPPH is a kind of FR, which is reduced in aqueous solution 
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containing antioxidant molecule (Mensor et al., 2001). Thus, APSS and SSPP had rich 

in radical scavengers, anthocyanins in plasma have the ability to provide electrons to 

the DPPH, thereby increasing the level of DPPH scavenging activity. As discussed 

elegantly by Toaldo et al. (2016), who demonstrated that anthocyanin-rich grape juices 

can be increased blood antioxidant capacity in humans. 

 Superoxide anion radical (O2
-.
) is generated during normal metabolism by the 

activity of the NADPH oxidase, it is converted in hydrogen peroxide (H2O2) by SOD 

enzyme, followed by converted in H2O via GPX and CAT enzymes (Simkó, 2007). 

Thus, these enzymes can neutralize excessive FRs before they react with metal 

catalysts to form more reactive compounds. However, the balance might be disrupted 

when animals under the OS conditions. Roberts et al. (2006) showed that the rats 

under OS status is accompanied by up-regulation of NAD(P)H oxidase, pointing to 

increased ROS production capacity, and down-regulation the key enzymes in the 

antioxidant defense system. APSS and SSPP can significant increase plasma SOD 

activity, may suggesting that anthocyanins were absorbed into blood, resulting in 

providing electrons to the O2
-.
, thereby alleviating the OS condition. Moreover, 

anthocyanin-rich plants might be caused elevations in messenger RNA expression, and 

resulting in effect of the activity of SOD in the blood (Yang et al., 2010). In line with 

the present finding, a significant increase SOD in the plasma has been reported of 

lactating dairy cows fed anthocyanin-rich purple corn silage relative to the control 

(Hosoda et al., 2012a). Of interest, goat receiving APSS and SSPP were unaffected on 

the activity of GPX and CAT in plasma, perhaps because higher level of SOD activity 

in plasma alleviated the burden of antioxidant defenses system, thereby other enzymes 

did not differ (Mittler, 2002). 
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 4.6.4  Inflammatory gene expression 

 Anthocyanins have been reported to modulate inflammatory pathway 

by inhibiting ROS and nuclear factor-kappa B (NF-κB) transcription factor (Côrtes et 

al., 2006; Speciale et al., 2014). The NFE2L2 gene, also known as Nrf2, which is a 

basic leucine zipper (bZIP) protein that regulates the expression of antioxidant 

proteins and protect against oxidative damage triggered (Kaspar et al., 2009). Indeed, 

the inducers can be led to the release of Nrf2 and allowed its nuclear translocation, 

activating the expression of a battery of cytoprotective genes (Espinosa-Diez et al., 

2015). In this study, mammary gland NFE2L2 mRNA expression increased when 

supplementation of APSS and SSPP. The possible reason was that anthocyanins have 

the potential to inherent radical scavenging activity, preventing OS damage through 

inducing Nrf2 signaling pathways, a transcription factor implicated in the expression 

of several antioxidant/detoxificant enzymes (Martín et al., 2010). Indeed, anthocyanins 

as a source of Nrf2 activating  agent, which can  directly  modify  sensor  cysteines  

present  in  Kelch-like  ECH  protein (Keap1), leading to Nrf2  proteins  translocate  

into  the  nucleus and bind to  the  antioxidant  response  element, thereby  modulating 

the  expression  of  Nrf2  target  genes that  have  anti-inflammatory  and  antioxidant  

functions (Aboonabi and Singh, 2015). These results concur with Kruger et al. (2014) 

who suggested that anthocyanins can be activated the expression of Nrf2, resulting in 

increasing the expressions of inflammatory and antioxidant genes. 

 HSF1 regulates the heat shock response (HSR) pathway in animals by acting as 

the major transcription factor for heat shock proteins (HSPs) (Calderwood et al., 

2009). As a result, animals elicited counterattack mechanisms, which effected on the 

transcriptional pathways that activated chaperones for refolding misfolded proteins of 
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the HSPs of the HSF1 cascade (Akhtar et al., 2012). The present results revealed that 

the SSS supplementation up-regulated mammary gland HSF1 mRNA abundance, 

perhaps due to lower level of anthocyanins in SSS that not enough is being done to 

alleviate the OS status for dairy goats. Of interest, feeding dietary oil could be reduced 

mitochondrial ROS production and showed lower oxidative damage in chicken 

(Mujahid et al., 2009). Hence, high level of oil in RSNC treatment might be alleviated 

OS status for dairy goats, resulting in lower level of HSF1 gene abundance in the 

mammary gland relative to the SSPC. 

 As a member of the HSP 70 family and a chaperone protein, hspA1A, also 

termed Hsp72, which facilitates the proper folding of newly translated and misfolds 

proteins (Mayer and Bukau, 2005). The chaperones are released from HSF1 to 

perform their protein-folding roles and the exportation of HSF1 to the cytoplasm is 

inhibited, allowing HSF1 to trimerize and accumulate in the nucleus to stimulate 

transcription of target genes under OS status (Shamovsky and Nudler, 2008). 

Accordingly, the abundance of mammary gland hspA1A mRNA was increased in the 

SSS treatment, perhaps because higher level of hspA1A mRNA expression can protect 

again OS injury by activation of the HSF1 signaling pathway because anthocyanins in 

animals did not have enough to neutralize redundant FRs (Chauhan et al., 2014). 

 TNF, being an endogenous pyrogen, is a cell signaling protein (cytokine) 

involved in systemic inflammation and a major mediator of apoptosis, inflammation 

and immunity (Norman, 1998). Lipopolysaccharide molecule can be embedded in the 

outer membrane of the Gram-negative bacteria, which can be activated TNF (Cohen, 

2002). Anthocyanins were found to be effective inhibitors of the Gram-negative 

bacteria (He and Giusti, 2010). As expected, APSS and SSPP treatments tended to 
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inhibit the expression of TNF in mammary gland, suggesting that inhibited animals’ 

damage. Consistent with our results, anthocyanins have been reported to significant 

inhibit the TNF transcription via in vivo model of experimental angiogenesis (Atalay 

et al., 2003). 

 4.6.5  Antioxidant gene expression 

 In a recent article shown that dietary anthocyanin-rich plants could be 

increased the expression of SOD and GPX via activation of the transcription factor 

NFE2L2 gene (Rahman et al., 2006). Thus, APSS treatment increased the SOD2 

mRNA abundance in mammary gland of dairy goats, which may be associated with 

higher level of NFE2L2 relative expression. However, APSS and SSPP had no effect 

on the SOD3 mRNA abundance. This might be because differences isoforms were 

discriminated at the transcript levels and differences in antioxidant enzymes 

concentration in mammary gland of ruminants (Côrtes et al., 2012). Moreover, SOD2 

(in the mitochondria) and SOD3 (on cell surfaces and in the extracellular matrix) are 

located different area (Jung, 2014), which also might be an affect factor. 

 GPX plays an important role in protecting cardiac mitochondria from 

reoxygenation damage in vivo (Thu et al., 2010). Han et al. (2006) shown that rat fed 

anthocyanin-rich purple potato flakes shown in rats can be enhanced related hepatic 

SOD and GPX mRNA expression. Accordingly, APSS increased the levels of mRNA 

GPX1 and GPX2 expression in mammary gland, perhaps because anthocyanins in 

anthocyanin-rich plants can be absorbed into mammary tissue, leading to improving 

antioxidant capacity. Therefore, GPX2 was unaffected by inclusion of SSPP compared 

to the RSNC, suggested that these mRNA discrepancies might be the differences in 

bioavailability and absorption of the anthocyanins metabolites because anthocyanins 
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in plants seem to be not broken down in the rumen (Song et al., 2012), but the plants 

extract or anthocyanins powder is more susceptible in rumen fermentation 

(Leatherwood, 2013). However, this assume need to be further confirmed. 

Dieterich et al. (2000) shown that an increase in endogenous CAT can be 

regarded as an effort made by the body to protect itself from an oxidative assault, 

whereas its expression seemed to be much lower than with other antioxidant enzymes. 

Similarly, no difference was detected for the mRNA abundance of CAT in mammary 

gland. This is because CAT is absent in the mitochondria, the reduction of H2O2 to 

H2O is carried out by GPX (Ighodaro and Akinloye, 2017). In addition, anthocyanins 

increased the abundance of some SOD and GPX genes that alleviate OS status in dairy 

goats, and consequently did not effect on the CAT mRNA expression.  

 4.6.6  Pearson correlation coefficients 

         Anthocyanins can directly scavenging oxygen FRs by providing the 

electrons, thereby improving the body’s antioxidant-related enzyme activity (Sakano 

et al., 2005). Furthermore, anthocyanins are able to modulate antioxidant and 

detoxifying enzymes by activation of Nrf2 (Speciale et al., 2014). Thus, significant 

positive correlations were found between enzymes in plasma and NFE2L2. In the 

current study, stronger correlations were noted between some antioxidant enzymes and 

the mRNA expression of inflammatory and antioxidant genes, suggesting that the 

body triggered a natural protective response by modulating these antioxidants and 

their genes expression. Indeed, antioxidant enzymes form the first line of defense 

against FRs in organisms (Rodriguez et al., 2004). The levels of antioxidant-related 

enzyme activity can response for the abundances of mRNA expression of the 

inflammatory and antioxidant in tissues (Polavarapu et al., 1998). For example, one 
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study did reveal that the significant correlation coefficients between mRNA and 

protein levels as well as between protein levels and enzyme activities of the 

antioxidant enzymes in rat tissues (Tiedge et al., 1997). These findings were in 

agreement with Aitken et al. (2009) who showed significant positive correlations were 

observed between some antioxidant enzymes (cytosolic glutathione peroxidase, 

thioredoxin reductase 1, and heme oxygenase-1) and pro-inflammatory molecules 

(intercellular vascular adhesion molecule-1, vascular cell adhesion molecule-1) in 

bovine mammary tissue during the periparturient period. However, several parameters 

showed the negative correlations or weak correlation coefficients, perhaps because 

differences in the content of mitochondria in the mammary gland tissues. This point 

needs to be detected in further additional studies. Stated thus, our data provided 

evidence that antioxidant enzymes and related genes expression may be cooperatively 

or differentially involved in the defense mechanisms in plasma and mammary gland of 

dairy goats exposed to OS and recovery. 

 

4.7  Conclusions  

 The current study demonstrated that anthocyanin-rich PSS supplementation 

had no negative effect on DMI, nutrients apparent digestibility, nitrogen utilization 

and rumen fermentation parameters, whereas it had the potential to alleviate the OS 

condition by improving DPPH scavenging activity and SOD activity in plasma, and 

up-regulation of inflammatory mRNA expression of NFE2L2, and antioxidant mRNA 

expression of SOD2, GPX1, and GPX2 in the mammary gland of dairy goats. 

However, further study is necessary to clarify the mechanism of individual 

anthocyanin composition in ruminants. 
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CHAPTER V 

EFFECTS OF ANTHOCYANIN-RICH PURPLE CORN 

(Zea mays L.) STOVER SILAGE ON ANTIOXIDANT 

ACTIVITIES IN PLASMA AND MILK, MILK 

PRODUCTION, AND ANTHOCYANIN COMPOSITION IN 

MILK OF LACTATING DAIRY GOATS 

 

5.1  Abstract 

 The study utilized 16 multiparous lactating Saanen dairy goats (body weight 

(BW), 41.80 ± 2.92 kg; mean ± standard deviation (SD)) with healthy and symmetrical 

udders. Goats were divided into two blocks of eight goats based on milk yield that 

averaged 75 day in milk (DIM) in a randomized completed block design (RCBD). 

There were two treatments: (1) control, fed sticky corn stover silage (SSS; CSSS); and 

(2) goats fed anthocyanin-rich purple corn (Zea mays L.) stover silage (PSS; TPSS). 

The results showed that goats receiving TPSS showed higher (P<0.05) levels of 

superoxide dismutase (SOD) in plasma and milk compared to the control treatment. 

TPSS did not differ (P>0.05) for the milk yield and milk efficiency, whereas it led to a 

significant (P<0.05) elevation in milk lactose composition relative to the CSSS. The 

TPSS treatment had no effect (P>0.05) on the milk cyanidin-3-glucoside (C3G), 

delphinidin (Del), cyanidin (Cya), pelargonidin (Pel) and total anthocyanins. 
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Pelargonidin-3-glucoside (P3G) and malvidin (Mal) were no longer detected between 

two treatments, whereas TPSS treatment resulted in higher (P<0.05) levels of peonidin 

(Peo) and malvidin-3-O-glucoside (M3G) relative to the control. The present study 

showed that: (1) anthocyanin composition in anthocyanin-rich PSS can be transferred 

to the milk; and (2) anthocyanin-rich PSS had the potential to alleviate oxidative stress 

in lactating Saanen dairy goats. Collectively, anthocyanin-rich PSS can be used as an 

ideal roughage for ruminants. 

Key words: anthocyanin-rich purple corn stover silage, milk production, antioxidant 

activity, dairy goats 

 

5.2  Introduction 

 For the sake of looking for the natural antioxidant to ruminants in order to 

promote their health, anthocyanin-rich plants for ruminants’ roughages have been 

utilized in Thailand. Anthocyanin-rich plants as specific flavouring or functional 

ingredients, which had the ability to effect on the ruminant health and milk production 

because they might be effect of the catabolism of proteins by bacteria, contamination 

with sanitising agents (O’connell and Fox, 2001). Indeed, anthocyanin-rich plants have 

been used as ruminants’ roughage, such as, purple guinea grass (Jaturasitha et al., 

2009), purple sweet potato (Chanjula et al., 2003). 

 As a source of natural antioxidant, anthocyanins exhibit strong antioxidant 

property. However, anthocyanins might be effect on the palatability due to their bitter 
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taste, thereby resulting in lower levels of dry matter intake (DMI) and milk yield. 

Previous studies accomplished by Hosoda et al. (2012a) have indicated that although 

anthocyanin-rich purple corn silage had no effect on milk composition, it tended to 

decline milk yield. 

         Our previous work has shown that non-lactation dairy goats receiving 

anthocyanin-rich purple corn stover silage (PSS) had the ability to improve the 

antioxidant activities in blood and modulate some inflammatory and antioxidant gene 

expression in mammary gland tissue. However, this will definitely affect the 

sensitivity and response of tissues to hormones when animal in different lactation 

periods (Ohtani et al., 2012). Anthocyanins showed a low level of bioavailability in 

animal because the structure of the anthocyanin composition was fairly affected by pH 

value (Kırca et al., 2007). However, despite the low absorption, the finding of these 

anthocyanins in milk may be important due to their unique antioxidant properties for 

human health. To date, there is no information if anthocyanins are absorbed into the 

milk, improving consumers’ health. Accordingly, the current study was conducted to 

assess the effect of anthocyanin-rich PSS on ruminants’ antioxidant capacity and milk 

production, and transfer the anthocyanin composition to the milk in lactating Saanen 

dairy goats. 
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5.3  Materials and Methods 

 The experiment was conducted at Sukjai Farm, Nakhon Ratchasima, Thailand 

(14°53'36.7"N, 102°03'21.2"E). All goats were handled in accordance with the Guide 

for the care and use of laboratory animals (Institute of Laboratory Animal Resources, 

Commission on Life Sciences).  

 5.3.1  Animal, diets and experimental design 

 A total of 16 multiparous lactating Saanen dairy goats (body weight 

(BW), 41.80 ± 2.92 kg; mean ± standard deviation) that averaged 75 day in milk 

(DIM) with healthy and symmetrical udders were used. Goats were divided into two 

blocks based on milk yield during the previous lactation. In each block there were 

eight animals to which treatments were randomly assigned according to a randomized 

completed block design (RCBD). The experiment lasted for 8 weeks with the first 2 

weeks as the adjustment period, followed by 6 weeks of measurement period. The 

goats received total mixed ration (TMR; Table 5.1) in two treatments: (1) control of 

goats fed sticky corn stover silage (SSS; CSSS); and (2) treatment of goats fed 

anthocyanin-rich PSS (TPSS). Animals were housed in clean pens with free access to 

water. Ration was offered twice daily at 07:30 and 16:30 for ad libitum intake and 

allowed for approximately 10% refusal. The diets were formulated to meet 

requirements for dairy goat having 40 kg of BW according to the National Research 

Council (NRC, 1981). Moreover, nutrient composition and anthocyanin composition in 

two types of corn stover silage was listed in Table 5.2. 
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Table 5.1  Ingredient and nutrient composition of experimental diets for dairy goats. 

Item
1
 Treatment

2
 

    CSSS    TPSS 

Ingredient (% DM)   

    Sticky corn silage     50.0  

    Purple corn silage      50.0 

    Napier Pak Chong 1     10.0     10.0 

    Soybean hull       7.5       7.5 

    Soybean residue      17.5     17.5 

    Concentrate 
3
     15.0     15.0 

    Total   100.0   100.0 

Chemical composition        

    DM (%)      23.95     24.27 

    OM (% DM)      92.02     92.63 

    CP (% DM)     15.02     15.10   

    GE (Cal/g DM) 4317.75 4339.44 

    NDF (% DM)     45.32     46.48 

    ADF (% DM)     26.57     25.87 

    Hemicellulose (% DM)     18.75     20.61 

    Ash (% DM)       7.98       7.37 

1
 DM = dry matter; OM = organic matter; CP = crude protein; GE = gross energy; 

NDF = neutral detergent fiber; ADF = acid detergent fiber. 
 

2
 CSSS = control of goats fed sticky corn stover silage; TPSS = treatment of goats fed 

anthocyanin-rich purple corn stover silage.  
3
 The concentrate consisted of (per 100 kg of DM):  32 kg of soybean meal, 20 kg of 

rice bean, 20 kg of cassava chip, 24.6 kg of corn, 1 kg of salt, 0.4 kg of limestone, 2 kg 

of a minerals and vitamins premix 
4
. 

 

4
 The premix consisted of  (per 1 kg of premix) : vitamin A (500 IU), vitamin D3 (150 

IU), vitamin B2 (0.25 mg), vitamin E (0.40 mg), folic acid (0.165 mg), choline (3 mg), 

Ca (378160 mg), P (8400 mg), Fe (3410 mg), Co (88.4 mg), Mn (1280 mg), I (76.1 

mg), K (23.6 mg), Zn (4344 mg), Mg (244 mg), Cu (550 mg). 
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Table 5.2  Nutrient composition and anthocyanin composition in two types of corn 

stover silage. 

Item
1
 Type of corn stover silage

2
 

     SSS      PSS 

Nutrient composition   

    DM (%)     20.48      22.85 

    OM (% DM)     93.65      94.44 

    CP (% DM)       7.33        7.37 

    GE (kJ/g DM) 4174.11 4235.36 

    NDF (% DM)      61.46     62.37 

    ADF (% DM)      32.85     31.09 

    Hemicellulose (% DM)      28.62     31.28 

    Ash (% DM)        6.35       5.56 

Anthocyanin composition           28.88 

C3G (mg/kg DM)      37.71   100.78 

Del (mg/kg DM)  96.18   101.43 

P3G (mg/kg DM)  25.20   132.51 

Peo (mg/kg DM)  46.89 73.88 

M3G (mg/kg DM)  47.28 68.51 

Cya (mg/kg DM)    129.37   125.42 

Pel (mg/kg DM)    104.11   118.80 

Mal (mg/kg DM)  21.60   140.61 

Total (mg/kg DM)    485.66   861.95 

1
 DM = dry matter; OM = organic matter; CP = crude protein; GE = gross energy; 

NDF = neutral detergent fiber; ADF = acid detergent fiber; C3G = cyanidin-3-

glucoside; Del = delphinidin; P3G = pelargonidin-3-glucoside; Peo = peonidin; M3G = 

malvidin-3-O-glucoside; Cya = cyanidin; Pel = pelargonidin; Mal = malvidin; - = not 

detected.
 

2
 SSS = sticky corn stover silage; PSS = anthocyanin-rich purple corn stover silage. 
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 5.3.2  Sample collection 

 Around 100 g diets were collected once weekly and kept -20°C at the 

beginning of the feeding trial. After that, the samples were mixture and dried at 65°C 

in a vacuum oven for 72 h, then ground and passed through a 1-mm sieve. Feed 

offered and refused were weighed daily prior to the morning feeding, and then 

calculated DMI throughout the experiment. 

 Goats were milked once daily at 19:00 h via a portable milking machine 

(Condor Company, made in Italy) and the milk yield was recorded. Milk collected 

during this initial milking was discarded. Milking routine included milking equipment 

preparation, udder preparation, teat cleaning and disinfecting (1.0% sodium 

hypochlorite solution), and milking. An operating vacuum of 36 kPa was used and a 

pulsator was operated at 120 cycles/min with a 50:50 milk : rest ratio. Milk was 

sampled at the last 2 days of 3
th

 to 8
th

 weeks of the experiment (2 d for each collection 

period). The samples (100 g per kg of recorded milk yield) were mixed thoroughly and 

collected at each milking, and the milk of pH value determination was done 

immediately by a portable pH meter. After that, milk samples were divided into 2 

portions. One aliquot was stored at 4°C with a preservative (bronopol tablet; D&F 

Control System Inc., San Ramon, CA, USA) until analyzed for fat, protein, lactose, 

total solid (TS), and solid not fat (SNF) using a MilkoScan analyzer (MilkoScan
TM

 

FT2, FOSS, Hillerod, Denmark) after incubation for 10 min in a 40°C water bath. The 

other aliquot was stored at -20°C until analyzed for antioxidant activity and 
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anthocyanins. Milk and fat outputs were utilized to calculate 3.5% fat-corrected milk 

(3.5% FCM) using the formula 3.5% FCM = Kg of milk yield × [0.432 + 0.162 × (fat 

%)] (Hamzaoui et al., 2013). The milk energy content (MEC), milk energy output 

(MEO), and energy-corrected milk (ECM) and were calculated using the following 

formulas by Tyrell and Reid (1965), and Kholif et al. (2016). 

 

MEC (MJ/kg) = 4.184 × [(41.63 × fat (g/kg) + 24.13 × protein (g/kg) + 21.60 × 

lactose (g/kg) – 117.2) ÷ 10000] × 2.204; 

MEO (MJ/d) = MEC (MJ/kg) × milk yield (kg/d); 

ECM (kg/d) = milk (kg/d) × [38.3 × fat (g/kg) + 24.2 × protein (g/kg) + 16.54 × 

lactose (g/kg) + 20.7] ÷ 3240. 

 

 Blood (around 3 mL) was sampled at 0 and 4 h from jugular vein by vacuette® 

tubes (Greiner Bio-One, Greiner Bio-One GmbH Bad Haller Str. 324550 

Kremsmünster, Austria) with K3-EDTA at the end of the experiment. After 

centrifugation at 4000 r/min for 15 minutes at 4°C (Sorvall
TM

 Legend
TM

 XT/XF 

Centrifuge Series, Thermo Fisher Scientific Pte Ltd., Waltham, USA), the plasma was 

transferred to a 1.5 mL tube and stored at -80°C until further analysis. 

 5.3.3  Chemical analysis 

 The determinations of dry matter (DM), crude protein (CP) and ash of 

the samples were performed by the method of AOAC (2005). Neutral detergent fiber 

(NDF), acid detergent fiber (ADF) and hemicellulose of the samples were assayed 
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according to Van Soest et al. (1991). Organic matter (OM) was calculated from the 

difference between DM and ash. The gross energy (GE) of the sample was analyzed 

using an auto-calculating bomb calorimeter (Parr 6200, Moline, Illinois, USA).  

 5.3.4  Antioxidant activity 

         The 2, 2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity was 

analyzed by the spectrophotometrically methods of Wei and Chiang (2009) and Zarban 

et al (2009) using a stable free radical DPPH (Sigma-Aldrich, Pcode: 101845869) with 

a minor modification. Briefly, 50 µL of each sample was added to 1 mL of methanolic 

solution of DPPH reagent (25 µmol/L) in a 1.5 mL tube. The mixture was shaken 

vigorously and incubated in the dark at room temperature for 30 min, and then 

centrifuged at 4000 r/min for 10 min at 4°C. 200 µL of the supernatant was transferred 

to a 96-well plate immediately and the absorbance was detected at 517 nm via a 

microplate reader (Epoch, BioTek, Luzern, Switzerland). The DPPH scavenging 

activity was calculated by the following formula: DPPH scavenging activity = (Ac − 

As) × 100 / Ac, where Ac is the absorbance of the control, and As is the absorbance of 

the sample.  

 The enzymatic activity of total antioxidant capacity (TAC), superoxide 

dismutase (SOD), glutathione peroxidase (GPX), and catalase (CAT) were measured 

using the kits from Sigma-Aldrich (MAK187-1KT, 19160-1KT-F, CGP1-1KT, and 

CAT100-1KT, respectively). Moreover, all samples were assayed via a microplate 

reader. 
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 5.3.5  Anthocyanin composition 

  The anthocyanin content in silage was performed as described by 

Hosoda et al. (2009). Briefly, the sample was extracted using 1% hydrochloric acid 

(HCl) dissolved in 95% methanol solution (15:85, v/v), the supernatant was collected 

after incubation at 50°C for 24 h. After that, the supernatant was filtered through 13 

mm 0.45 μm Nylon Syringe Filter (Xiboshi, TNL1345PP, Tianjin Fuji Science & 

Technology Co., Ltd., China) for the determination of anthocyanin composition by a 

high performance liquid chromatography (HPLC; 1260 Infinity II LC, Agilent 

Technologies, Santa Clara, CA, USA). The anthocyanin composition in milk was 

analyzed per the methods of Seeram et al. (2006) and Tadapaneni et al. (2012) with a 

slight modification. Briefly, the milk samples adjusted to pH 4 with 1% hydrochloric 

acid and were pretreated using liquid-liquid extraction using acetone/water (70:30, 

v/v), and then centrifuged 10000 r/min for 15 min at 4°C after incubation at room 

temperature for 4 h, the supernatant was collected for the determination of anthocyanin 

composition as reported previously.  

 The sample analysis was carried out with a HPLC and Diode Array (DAD) 

Detector. Moreover, separation of anthocyanin composition was accomplished on a 

Symmetry C18 column (mobile phase: A, acetonitrile (CH3CN); B, 10% acetic acid/ 

5% CH3CN/ 1% phosphoric acid in deionized water). The run time was 30 min and 

followed by a 5-min delay prior to the next injection. The other conditions were as 
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follows: sample temperature of 4°C, and injection volume of 20 µL, flow rate of 0.8 

mL/min, column temperature of 25°C and DAD detector wavelength of 520 nm. 

 

5.4  Statistical analysis 

 All statistical calculations were analyzed using the General Linear Model 

(GLM) procedure of Statistical Analysis System 9.1.3 (SAS Inst. Inc., Cary, NC) 

according to a RCBD and using milk yield as block. Each block as the experimental 

unit according to the following general model: yij = µ + τi + βj + εij, where yij = an 

observation in treatment i (i = 1 − 2) and block j (j = 1 − 8), µ = the overall mean, τ i = 

the effect of treatment i (i = 1 − 2), βj = the fixed effect of block j (j = 1 − 8), εij = 

residual. Significant differences were set at P<0.05. 

 

5.5  Results 

 5.5.1  Antioxidant activity 

 No differences (P>0.05) were detected for DPPH scavenging activity, 

TAC, GPX, and CAT in plasma and milk, whereas the inclusion of TPSS resulted in 

higher (P<0.05) levels of SOD in plasma and milk compared to the CSSS (Table 5.3).   

 

 

 

 

 

 

 



107 

Table 5.3  Effects of diets on antioxidant activity in plasma and milk of dairy goats. 

Item
1
 Treatment

2
 SEM P-value 

 CSSS   TPSS   

Plasma     

    DPPH scavenging activity (%)   19.10   21.58 1.1445 0.1389 

    TAC (nmole/µL)   37.20   42.02 3.2322 0.3408 

    SOD (inhibition rate %)   91.64
b
   96.40

a
 0.8526 0.0016 

    GPX (mmol/min/mL)   51.64   50.36 0.6904 0.2199 

    CAT (µmoles/min/mL) 230.82 231.28 4.3908 0.9430 

Milk      

    DPPH scavenging activity (%)   23.14   23.44 1.4575   0.8851 

    TAC (nmole/µL) 109.24 111.38 1.8854   0.4314 

    SOD (inhibition rate %)   82.72
b
   90.22

a
 0.8820 <0.0001 

    GPX (mmol/min/mL)   50.94   50.24 0.1231   0.6789 

    CAT (µmoles/min/mL) 225.93 228.26 1.6027   0.3438 

Values for plasma and milk represented the means of 8 replicates (n = 8) and 12 

replicates (n = 12), respectively.  

Means with different letters within a row are significantly different (P<0.05). 
 

1 
DPPH = 2, 2-diphenyl-1-picrylhydrazyl; TAC = total antioxidant capacity; SOD = 

superoxide dismutase; GPX = glutathione peroxidase; CAT = catalase.  

2
 CSSS = control of goats fed sticky corn stover silage; TPSS = treatment of goats fed 

anthocyanin-rich purple corn stover silage. The same as below. 
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 5.5.2  Feed intake, milk yield and milk efficiency 

 No significant difference (P>0.05) was observed for DMI between 

control and TPSS (Table 5.4). Similarly, Milk yield also did not differ (P>0.05) in both 

of treatments. However, CSSS treatment displayed a greater (P<0.05) level of SNF 

production compared with that in the TPSS treatment. In addition, TPSS diet had no 

effect (P>0.05) on the milk efficiency. 

 5.5.3  Milk composition 

 There was no difference (P>0.05) in the milk of pH values between two 

treatments (Table 5.5). All milk composition were unaffected (P>0.05) with the 

exception of milk lactose, which showed a higher (P<0.05) concentration in TPSS 

treatment. 
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Table 5.4  Effects of diets on DMI, milk yield and milk efficiency of dairy goats. 

Item
1
 Treatment SEM P-value 

 CSSS TPSS   

DMI (g/d) 886 875 22.3109 0.5744 

Milk production     

    Milk yield (kg/d)     1.57     1.53   0.0203 0.1451 

    3.5% FCM (kg/d)     1.58     1.52   0.0295 0.1341 

    Fat (g/d)   55.75   52.90   1.6196 0.2262 

    Protein (g/d)   52.28   50.34   0.7063 0.0654 

    Lactose (g/d)   70.58   69.43   0.9942 0.4220 

    TS (g/d) 189.89 181.22   3.0398 0.0562 

    SNF (g/d) 134.14
a
 128.32

b
   1.9636 0.0480 

    MEC (MJ/kg)     2.89     2.87   0.0403 0.6250 

    ECM (kg/d)     1.47     1.41   0.0242 0.1162 

    MEO (MJ/d)     4.54     4.37   0.0758 0.1255 

Milk efficiency     

    Milk-DMI     1.78     1.72   0.0229 0.0738 

    ECM-DMI     1.66     1.59   0.0274 0.0679 

Values represented the means of 12 replicates (n = 12).
 

1
 DMI = dry matter intake; FCM = fat-corrected milk; TS = total solid; SNF = solid not 

fat; MEC = milk energy content; ECM = energy-corrected milk; MEO = milk energy 

output.  
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Table 5.5  Effects of diets on milk composition of dairy goats. 

Item
1
 Treatment SEM P-value 

 CSSS TPSS   

    pH   6.49   6.45 0.0135 0.0741 

    Fat (%)   3.55   3.47 0.1038 0.5800 

    Protein (%)   3.33   3.30  0.0245 0.3593 

    Lactose (%)   4.50
b
   4.55

a
  0.0151 0.0207 

    TS (%) 12.10 11.88  0.1342 0.2537 

    SNF (%)   8.55   8.41 0.0496 0.0583 

Values represented the means of 12 replicates (n = 12).
 

1
 TS = total solid; SNF = solid not fat.

 

 

 5.5.4  Milk anthocyanin composition 

 As shown in Table 5.6. No differences (P>0.05) were noted in cyanidin-

3-glucoside (C3G), delphinidin (Del), cyanidin (Cya), pelargonidin (Pel) and total 

anthocyanins in milk between two treatments. Pelargonidin-3-glucoside (P3G) and 

malvidin (Mal) were unable to be detected throughout the experiment. Of interest, the 

inclusion of TPSS resulted in higher (P<0.05) levels of peonidin (Peo) and malvidin-3-

O-glucoside (M3G) relative to the control.  
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Table 5.6  Effects of diets on anthocyanin composition in milk of dairy goats. 

Item
1
 Treatment SEM P-value 

 CSSS TPSS   

C3G (mg/kg) 0.338 0.330 0.0048 0.2489 

Del (mg/kg) 0.959 0.959 0.0025 0.9342 

P3G (mg/kg)     -    -     -     - 

Peo (mg/kg) 0.371
b
 0.388

a
 0.0045 0.0105 

M3G (mg/kg) 0.446
b
 0.457

a
 0.0026 0.0066 

Cya (mg/kg) 1.283 1.290 0.0036 0.1636 

Pel (mg/kg) 1.042 1.041 0.0024 0.8332 

Mal (mg/kg)     -     -     -     - 

Total (mg/kg) 4.439 4.466 0.0119 0.1147 

Values represented the means of 12 replicates (n = 12).
 

 

5.6  Discussion 

 5.6.1  Antioxidant activity in plasma and milk 

 Anthocyanins can be absorbed into the blood (VISKUPIČOVÁ et al., 

2008). He et al. (2006) have been reported to the range of total anthocyanins in plasma 

was 0.2-2 µmol/L in rats. OS is caused by an imbalance between oxidants and 

antioxidants, potentially leading to animal damage (Sies, 1997). Various literatures 

have been reported to the anthocyanins not only have the function of directly 

scavenging oxygen free radicals (FRs) by providing the hydroxyl group, but also 
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improve the body's antioxidant-related enzyme activity to achieve the purpose of 

improving the body's antioxidant capacity (Soobrattee et al., 2005; Aseervatham et al. 

2013). Thus, supplementation of anthocyanins in the ruminant diets has potential to 

alleviate animals’ OS status. Moreover, one study did show that the level of total 

anthocyanins in the blood was directly correlated with an increase in blood antioxidant 

capacity (Mazza et al., 2002). Accordingly, TPSS treatment resulted in higher SOD 

activity, suggesting that the feeding of anthocyanins in dairy goats could be improve 

antioxidant in plasma. Indeed, SOD is considered the first defence against prooxidants, 

which can indicate antioxidant potential in ruminants. Consistent with our results, 

Hosoda et al. (2012) showed that lactating dairy cows receiving anthocyanin-rich corn 

silage had the potential to alleviated OS conditions as suggested by enhanced of the 

plasma SOD activity. In addition, superoxide radicals (O2
-.
) as precursors of 

mitochondrial hydrogen peroxide (H2O2), which had the relative high toxicity 

compared to the H2O2 (Loschen et al., 1974; Watts et al., 2003). Of interest, the DPPH 

scavenging activity, GPX, and CAT in plasma were unaffected, perhaps because the 

high toxicity of O2
-.
 is converted in the low toxicity of H2O2 by SOD enzyme, thereby 

alleviating OS status in ruminants (Jin et al., 2017). 

 Tijerina-Sáenz et al. (2009) indicated that the level of antioxidant capacity 

value could be reflected oxidative stability in milk. Furthermore, one study did find 

that the inclusion of anthocyanins with selenium (Se), vitamin E (Vit E) showed a 

synergistic effect in rats (Li et al., 2016). Hence, anthocyanin-rich PSS had the 
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potential to improve the absorption of other antioxidants, thereby increasing SOD 

value. However, we did not assay other antioxidants in milk and need to be further 

confirmed. Of interest, the levels of GPX and CAT enzymes did not differ between 

two treatments. This is probably because GPX and CAT enzymes in milk not only can 

degrade H2O2, they also had to reduce lipid peroxides, such as fatty acid 

hydroperoxides and phospholipid hydroperoxides (Lindmarkmånsson and Akesson, 

2000). However, it is unclear that anthocyanins can be improved antioxidant capacity 

directly in goats, because anthocyanins not only are poorly absorbed by the intestine, 

but also anthocyanin-rich PSS had several kinds of antioxidant compounds, such as 

flavonoids and vitamin family. 

 5.6.2  Feed intake, milk yield and milk composition 

 It is known that nutrient digestibility and energy intake were the two 

main factors that affected on the milk yield (Oba and Allen, 1999). In the current 

study, milk yield did not differ in two treatments, whereas CSSS treatment showed a 

greater level of SNF production. One study did reveal that anthocyanins had been 

reported to show a negative effect on the intake of the animals because of their bitter 

taste (Jöbstl et al., 2004). Indeed, anthocyanin-rich PSS did not affect DMI, but the 

feeding time of goats increased while intake velocity reduced in the TPSS treatment 

during whole trial period. Moreover, anthocyanins as a kind of phenolic compounds, 

which might be bind to the nutrients to be digested, inhibiting the digestive enzyme 

and exerting anti-microbial effect (Acosta-Estrada et al., 2014; Kamalak et al., 2015). 
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Accordingly, the inclusion of anthocyanin-rich plant may be displayed a slight decline 

trend in the milk production. 

 Propionic acid is precursor the milk lactose content (Rigout et al., 2003). In the 

present study, higher level of lactose was noted in TPSS treatment, perhaps because 

anthocyanin-rich PSS might be able to affect rumen fermentation, especially inhibiting 

acetic acid and increasing the proportion of propionic acid in the ruminal fluid. Of 

interest, the structure of anthocyanin in purple corn is bonded to sugars (Aoki et al., 

2002). Hence, the sugars in anthocyanin might be broken down in the digestive tract 

and involved in lactose synthesis. These results concur with Jord n et al. (2010)  who 

indicated that polyphenolic-rich distilled rosemary leaves can be proposed as an 

ingredient in ruminant feed because they both alter neither the yield nor the quality of 

Murciano-Granadina goats’ milk. 

 5.6.3  Milk anthocyanin composition 

 One report did show that anthocyanin absorption appears to be at least 

an order of magnitude lower than for the flavonol quercetin due to its poorly absorbed 

from the gut and is subject to degradation by intestinal micro-organisms (Formica and 

Regelson, 1995). Indeed, various studies have been shown that the low bioavailability 

of anthocyanins in human (Xiao et al., 2017; Mueller et al., 2017). This may be not 

just because the structure of anthocyanin is a highly conjugated system, but also 

because the anthocyanins in the plant will not be absorbed by the animals unless they 

are through in its cell wall (Cavalcanti et al., 2011). Thus, the amounts of C3G, Del, 
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Cya, Pel, and total anthocyanins in milk were identical. However, despite the low 

absorption, the finding of these anthocyanins in milk may be important due to their 

unique antioxidant properties for human health. Jord n et al. (2010) indicated that 

polyphenolic components transferred to the milk is dependent on the component 

molecular weight. This study also indicated that the Cya and Pel were the major 

anthocyanin composition in milk, perhaps due to the molecular weights of Cya and Pel 

under 300 g/moL; In contrast, other anthocyanin composition with the molecular 

weights above 300 g/moL. 

 It is reported that anthocyanin can be stable in acidic aqueous solutions 

(Passamonti et al., 2003). However, anthocyanins are unstable and quickly decolorize 

by hydration at the two-position of the anthocyanidin skeleton in high pH values 

(Brouillard, 1988). Oldfield et al. (2000) showed that the milk of pH values were in the 

range of weak acidity (6.48-6.83). In agreement with our results, the milk pH values 

ranged from 6.45 to 6.49. Therefore, P3G and Mal were unable to be detected, perhaps 

due to these two kinds of anthocyanin composition are not absorbed into the milk after 

ruminant metabolism as well as they had extremely low stability in milk due to their 

hydration.  

 Acylated anthocyanins served as a major source of natural food colours due to 

the characteristics of high stability (Cevallos-Casals and Cisneros-Zevallos, 2004; 

Netzel et al., 2007). One report has been shown to anthocyanins can be absorbed in 

their intact glycosylated and possibly acylated forms in human subjects (Mazza et al., 
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2002). He et al. (2006) showed that the type of sugar substitution had significant 

impact on the absorption and excretion of individual anthocyanins in rats. 

Accordingly, these previous reports make us assume that Peo and M3G might be took 

part in the acylation reaction of anthocyanin absorption and metabolic mechanism in 

dairy goats. Anthocyanin-rich PSS showed high level of anthocyanin composition, 

resulting in high concentrations of Peo and M3G in milk. However, information about 

the absorption and metabolism of anthocyanin composition in ruminants is scarce. In 

addition, the sugar residues may be occur acylated with aromatic acids, whereas 

anthocyanins containing rather complicated acylation patterns attached on different 

sugar moieties (Giusti and Wrolstad, 2003). Therefore, the exact reasons remain 

unclear and further observation is required.  

 Otsuki et al. (2002) indicated that twelve acylated anthocyanins were isolated 

from the red radish (Raphanus sativus L.). Thus, the authors hope that it might 

encourage those who are interested in acylated anthocyanins in purple corn to make 

further studies in this field. Hertog et al. (1993) suggested that adult human the intake 

of anthocyanins have been estimated at more than 100 mg/day. He and Giusti (2010) 

suggested that the daily requirement of anthocyanins for human was estimated to be 

2.5 mg/kg body weight. Thus, the concentration of anthocyanins in milk 

has never been enough to protect against OS for human. Therefore, the author on this 

topic is necessary to think about how to improve anthocyanin was absorbed in milk. 
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5.7  Conclusions 

 Under the condition of the current experiment, anthocyanin-rich PSS can be 

proposed as an ideal feedstuff for ruminants because: (1) anthocyanin composition in 

anthocyanin-rich PSS can be transferred to the milk; and (2) anthocyanin-rich PSS had 

the potential to alleviate oxidative stress in lactating Saanen dairy goats.  
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CHAPTER VI 

OVERALL CONCLUSION AND IMPLICATION 

 

6.1  Conclusion 

 This study provided an insight into anthocyanins in anthocyanin-rich PSS as a 

source of antioxidant that can enhance antioxidant activities in Saanen dairy goats.  

 The first part was focused on the chemical composition, anthocyanin stability, 

and antioxidant activity during the storage period and in vitro rumen fermentation of 

anthocyanin-rich PS and SS. The results revealed that: (1) anthocyanins could be 

stable in silage; (2) anthocyanin-rich PSS showed excellence silage fermentative 

quality and stronger DPPH scavenging activity; and (3) anthocyanin-rich PSS had no 

negative effect on rumen fermentation parameters.  

 The second part was to investigate the effect of anthocyanin-rich PSS on 

digestibility, rumen fermentation, antioxidant activity in plasma, and the mRNA 

expression of inflammatory and antioxidant genes in the mammary gland of dairy 

goats. The results indicated that the consumption of anthocyanin-rich PSS by dairy 

goats had no negative effect on DMI, apparent digestibility, nitrogen utilization and 

rumen fermentation parameters, whereas it had the potential to alleviate the oxidative 

stress condition by improving antioxidant capacity in plasma, and up-regulation of 

inflammatory mRNA expression of NFE2L2 and antioxidant mRNA expression of 

SOD2, GPX1, and GPX2 in the mammary gland of dairy goats. 
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 The third part was to observe the effect of anthocyanin-rich PSS on milk 

production, antioxidant activity in plasma and milk, and milk anthocyanin composition 

in lactating dairy goats. The results showed that the addition of anthocyanin-rich PSS 

had no negative effect on the milk yield and milk composition, whereas it can improve 

antioxidant capacity in plasma, and anthocyanin composition can be transferred to the 

milk in lactating Saanen dairy goats. 

         Collectively, anthocyanin-rich PSS can be used as an excellence feedstuff for 

dairy goats, because: (1) anthocyanins in anthocyanin-rich PSS could be stable in 

silage; (2) the consumption of anthocyanin-rich PSS had the potential to alleviate the 

oxidative stress condition by improving antioxidant activity in plasma and modulating 

the expression of inflammatory and antioxidant genes in the mammary gland; and (3) 

anthocyanin composition in anthocyanin-rich PSS can be absorbed into the milk in 

Saanen dairy goats. 

 

6.2  Implication 

         The metabolism of anthocyanins in ruminants is also unclear at present. 

Moreover, anthocyanin-rich PSS not only contains anthocyanin compounds, it also has 

other natural antioxidants, such as, flavonoids, polyphenols, and vitamin family. 

Consequently, further studies are encouraged to determine the degradation pathways 

of absorption, metabolism, and excretion of individual anthocyanin composition in 

ruminants. 
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APPENDIX A 

        Solution preparation for in vitro gas production technique 
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A1 Macromineral solution 

Na2HPO4 5.7 g 

KH2PO4 6.2 g 

MgSO4 0.6 g 

Make up to 1 L with distilled water 

A2 Buffer solution 

NaHCO3 35 g 

(NH4) HCO3 4 g 

Make up to 1 L with distilled water 

A3  Micromineral solution 

CaCl22.H2O 13.2g 

MnCl24.H2O 10.0 g 

CoCl26.H2O 1.0 g 

FeCl26.H2O 0.8 g 

Make up to 1 L with distilled water 

A4 Resazurin aqueous: (100mg/100ml) 

A5 Preparation of artificial saliva 

Artificial saliva  

Distilled water 475.0 mL 

Macromineral solution 240.0 mL 

Buffer solution 240.0 mL 

Micromineral solution 0.12 mL 

Resazurin aqueous 1.22 mL 
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Reducing solution  

Distilled water 47.5 mL 

1M NaOH 2.0 mL 

Na2S9.H2O 336 mg 
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Figure B1 Total RNA agarose gel electrophoresis analysis. 
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APPENDIX C 

The genes of reference sequence 
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C1  NFE2L2    

         Capra hircus nuclear factor, erythroid 2 like 2 (NFE2L2), mRNA 

         NCBI Reference Sequence: NM_001314327.1 

     ttggatttag cgtttcggaa ttgcaattcc aaaatgtgta aggcaggata ttctgttctc 

     tgctgtcaag ggacatggat ttgattgaca tactttggag gcaagatata gatctcgggg 

     taagtcgaga ggtatttgac ttcagtcaac gacagaagga gcatgagctg gaaaaacaga 

     aaaaacttga aaaggaaaga caagaacaac tccaaaagga gcaagagaaa gccttttttg 

     ctcagttaca actagatgaa gagaccggcg agttcctccc cattcagcca gcacagcaca 

     caccatcaga agccagtggg tctgccaact acgagaccgg cgagttcctc cccattcagc 

     cagcacagca cacagcatca gaagccagtg ggtctgccaa ctactcccag gcagcccaca 

     ttcccaaagc agatgatttg tacttcgatg actgcatgca gcttttggca gagacattcc 

     tatttgtaga tgacaatgag gtttcttcgg ccacgtttca atcacctgtt cccgatattc 

     gcagccacat cgagagccca gtcttcaatg ctccttctca ggctcagtca cctgaaactc 

     tgttcgttca ggtagccact gctgatttag acgatatgca ggaggacatt gagcaagttt 

     gggaggaact actatccatt ccagaattac agtgtcttaa tattcaaaat gacaagctgg 

     ctgagactag tacagttcca agtccagaaa ccaaactgac agaaattgac agttataatt 

     tctattcatc aatgccctca ctggataaag aagttggtaa ctgcagcccg cattttctca 

     atgcttttga ggattccttc aacagcatcc tctccactga agattccagc cggttgacag 

     tgaattcatt aaattcaact gccacagtaa atacagattt tggtgatgaa ttttattctg 

     cttttatagc agagcccagt accagcaaca gcatgccctc ctctgctact ttaagccagt 

     cactctctga acttctaaac gggcccattg acctctctga tctgtcactt tgtaaagcct 

     tcaatcaaaa ccaccctgaa agcacaacag cagaattcaa tgattctgac tctggcattt 

     cactgaacac aacaagtcca agcatggcat caccagacca ctcagtggaa tcttctgtct 

     atggagacac attgcttggc ttcagtgatt ctgaaatgga agagatagat agtgcccctg 

     gaaatgtcaa acagaagggt cccaaaacac agtcagtgtg gccttctggg gacccagtcc 

     aacctttgtc atcatcacaa gggaacagca ctgcagcatg tgattcccag tgtgaaaatg 

     caccaaagaa agaagtgcct gtaagtcccg gtcatcggaa aaccccattc acaaaagaca 

     aacattcaag ccgcttggag gctcacctca caagagatga gctacgggca aaagctctcc 

     atatcccatt ccctgtagaa aagatcatta acctcccagt tgaggacttc aatgaaatga 

     tgtccaagga gcaattcaac gaggctcaac ttgcattaat cagagatata cgtaggaggg 

     gtaagaataa agtggctgct cagaattgca gaaaaagaaa actggaaaat atagtggaac 

     tggagcaaga tttagatcac ttaaaagatg aaaaagaaaa attgctcaaa gaaagagggg 
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     aaaatgacaa aagcctccat ctcctgaaaa aacaactcag caccttgtat cttgaagtct 

     tcagcatgct acgtgatgaa gatggaaagc cttactctcc aagtgaatac tccttgcagc 

     aaacaggaga tggcaatata ttccttgttc ccaaaagtaa gaggccagat attaagaaaa 

     actagatttt ggccttttct gatagtgatt ttgggttttt ttgtactgtt atactaaaag 

     ctcctactgt gatgtgaaat gcagaaatat actttataag taattctatg caaaatcata 

     ctcaactagt gtagaaaata taaaacttta aaaagcatta aaataagtta tcagtatgct 

     gaatcagtag tttcacttaa ctttgtaaac ttaaaatttc ttagatcacc atttgggcta 

     gtttctatat actgtaaata ctacaaaaac tccttattta tactgttctt atctcatttg 

     ttacgttcac agatttatat gatacatctg gctaaaaagc aaattgttgc aaaactaacc 

     actatgtact tttttataaa taccatgtga acaaaaaaaa ggcatttttt taatattaaa 

     ttgtttaact ctggcaaaag acaatttagt tgaaaagctg gtactaataa aggaatatca 

     ggaccgt 
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C2  HSF1 

         Capra hircus heat shock transcription factor 1 (HSF1), mRNA 

         NCBI Reference Sequence: NM_001314344.2 

     gcctggtatg gatctgcccg tgggcccggg cgcggcgggg cccagcaacg tcccggcctt 

     cctgaccaag ctgtggaccc tcgtgagcga cccggacacg gacgcgctca tctgctggag 

     cccgagcggg aacagcttcc acgtgctgga ccagggccag tttgccaagg aggtgctgcc 

     caagtacttc aagcacagca acatggctag cttcgtgcgg cagctcaaca tgtatggctt 

     ccggaaggtg gtccacatcg agcagggtgg cctggtcaag ccagagaggg acgacaccga 

     gttccagcac ccgtgcttcc tgcgaggcca ggagcagctc ctcgagaaca tcaagaggaa 

     agtgaccagc gtgtccactc tgcggagcga ggacataaag attcgccagg acagcgttac 

     caagctgctg accgacgtgc agctgatgaa ggggaagcag gagagcatgg actccgagct 

     gctggccatg aagcatgaga acgaggcgct gtggcgagag gtggccagcc tgcggcagaa 

     gcacgcccag caacagaaag tcgtcaacaa gctcatccag ttcctcatct cgctggtgca 

     gtcaaaccgg atcctagggg tgaagagaaa gatccccctg atgctgaacg acagcagccc 

     cgcgcacccc atgcccaagt atggccggca gtactcgctg gagcacatcc acggcccagg 

     ctcctacccg gccgcttccc cagcctacag cggctccagc ctctactccc cagacgctgt 

     caccagctcc ggacccatca tctccgacat cactgaactg gcccccggca gccccgtggc 

     ctctgcaggc aggagtgtag atgagaggcc cctgtccagc agtcccctgg ttcgcgtcaa 

     ggaggagccc ccaagcccac cacagagccc ccgggcagag ggtgccagcc ccagccgacc 

     gtcctccatg gtggagacgc ctctgtcccc gaccaccctc attgattcca tcctccggga 

     gagcgagccc acgcccgccg cctccaccac acccctcgcg gacactgggg gccgccccgc 

     ctcgcccctg cccgcctcag ctcccgagaa gtgcctcagc gtcgcctgcc tggacaagac 

     cgagctcagt gaccacttgg acgccatgga ctccaacctg gacaacctgc agaccatgct 

     gacaacccat ggcttcagcg tggacaccag caccctgctg gatctgttca gcccctcggt 

     gacggttccc gacatgagcc tgccggacct ggacagcagc ctggccagca tccaggagct 

     cctctctccc caggagcccc ccagacctct ggaggcagag aaaagcagcc cagactcagg 

     gaagcagctg gtgcactaca ccgcccagcc cctgctgctg ctggacccag gctctgtgga 

     cgtggggagc agcgacctgc cggtgctctt cgagctcggg gagggctcct acttctccga 

     gggagacgac tactcagatg accccaccat ctccctgctg acgggctcag agccccccaa 

     agccaaggac cccactgtct cgtagaagc 
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C3  hspA1A 

         Capra hircus heat shock 70kDa protein 1A (hspA1A) mRNA, complete cds 

         NCBI Reference Sequence: JN656104.1 

     atggcgaaaa acatggctat cggcatcgac tggggcacca cctactcctg cgtgggggtg 

     ttccagcacg gcaaggtgga gatcatcgcc aacgaccagg gcaaccgcac cacccccagc 

     tacgtggctt tcaccgatac cgagcggctc atcggcgatg cagccaagaa ccaggtggcg 

     ctgaacccgc agaacaccgt gttcgacgcg aagcggctga tctgccgcaa gttcggcgac 

     ccggtggtgc agtcggacat gaagcactgg cctttccgcg tgatcaacga cggagacaag 

     cctaaagtgc aggtgagcta caagggggag accaaggcgt tctacccaga ggagatctcg 

     tcgatggtgc tgaccaagat gaaagagatc gccgaggcgt acctaggcca cccggtgacc 

     aacgcggtga tcaccgtgcc ggcctacttc aacgacacgc agcggcaggc caccaaggac 

     gcgggggtga tcgcggggct gaacgtgctg aggatcatca acgagcccac ggccgccgcc 

     atcgcctacg gcctggaccg gacgggcaag ggggagtgca acgtgctcat ctttgacctg 

     ggcgggggca cgttcgacgt gtccatcctg acgatcgacg acggcatctt cgaggtgaag 

     gccacggccg gggacacgca cctgggcggg gaggacttcg acaacaggct ggtgaactac 

     ttcgtggagg agttcacgag gaagcacaag aaggacatca gccagaacaa gcgggccgtg 

     aggcggctgc gcacggcgtg cgagcgggcc aagaggacct tgtcgtccag cacccaggcc 

     agcctggaga tcgactccct gttcgagggc atcgacttca acacgtccat caccagggca 

     cggttcgagg agcagtgctc cgacctgttc cggagcaccc tggagcccgt ggagaaggct 

     ctaagcgacg ccaagctgga caaggcccag atccacgacc tggtcctggt ggggggctcc 

     acccgcatcc ccaaagtgca gaagctgctg caggacttct tcaacgggcg cgacctcaac 

     aagagcatca acccggacga ggcggtggca tacggggcgg cggtgcaggc ggccatcctg 

     atgggggaca agtcggagaa cgtgcaggac ctgctgctgc tggacgtagc tcccctgtcg 

     ctgggactgg agacggccgg aggcgtgatg actgccctga tcaagtgcaa ttccaccatc 

     cccacgaagc agacgcagat cttcaccacc tactcggaca accagccggg tgtgctgatc 

     caggtgtacg agggcgagag ggccatgact cgggacaaca acctgctggg gcgcttcgag 

     ctgagcggca tcccgccggc cccgcggggg gtgccccaga tcgaggtgac cttcgacatc 

     gacgccaatg gcatcctgaa cgtcacggcc acggacaaga gcacgggcaa ggccaacaag 

     atcaccatca ccaacgacaa gggccggctg agcaaggagg agatcgagcg catggtgcag 

     gaggcggaga agtacaaggc agaggacgag gtccagcgcg agagggtgtc tgccaagaac 

     gcgctggagt cgtacgcttt caacatgaag agcgccgtgg aggatgaggg gctgaagggc 

     aagatcagcg aggcggacaa gaaggtggtg ctggacaagt gccaggaagt gatttcctgg 
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     ctggacgcca acaccttggc ggagaaggac gagtttgagc acaagaggaa ggagctggag 

     cagatgtgta accccatcat cagcagactg taccaggggg cgggcggccc cggggctggc 

     ggctttgggg ctcaggcccc taaagggggc tctgggtctg gcccctccat tgaggacggg 

     gattag 

 

C4  TNF 

 Capra hircus tumor necrosis factor (TNF), mRNA 

 NCBI Reference Sequence: NM_001286442.1 

            gtctcccgtc tggacttgga tccttctgaa aaagacagca tgagcaccaa aagcatgatc 

     cgggatgtgg agctggcaga ggaggtgctc tccaagaaag cagggggccc ccagggctcc 

     agaagttgct ggtgcctcag cctcttctcc ttcctcctgg ttgcaggagc caccacgctc 

     ttctgcctgc tgcacttcgg ggtaatcggc ccccagaggg aagagcagtc cccagccggc 

     ccctccttca acaggcctct ggttcagaca ctcaggtcat cttctcaagc ctcaagtaac 

     aagccggtag cccacgttgt agccaacatc agcgctccgg ggcagctccg gtggggggac 

     tcgtatgcca atgccctcaa ggccaacggc gtggagctga aagacaacca gctggtggtg 

     cccactgacg ggctttacct catctactcg caggtcctct tcaggggcca cggctgccct 

     tccaccccct tgttcctcac ccacaccatc agccgcattg cagtctccta ccagaccaag 

     gtcaacatcc tctctgccat caagagccct tgccacaggg agaccccaga gggggctgag 

     gccaagccct ggtacgaacc catctaccag ggaggggtct tccagctgga gaagggagat 

     cgcctcagtg ctgagatcaa ccagccggaa tacctggact atgctgagtc tgggcaggtc 

     tactttggga tcatcgccct gtgagggggc aggacatgca tcctctc 
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C5  GPX1 

         Capra hircus glutathione peroxidase 1 (GPX1), mRNA 

         NCBI Reference Sequence: XM_005695962 

       gtcgcccgcc ttttaaaagc aggcgcatcc cgtccccctc cttgttcttc gagtccgcgc 

       ctcactactc tcaatttgga tctcatacca tgtgcgccgc tcagcgctcg gcggccgccc 

       tggcggcggc ggccccgcgc acggtgtacg ccttctccgc gcgtcctctg gcgggtgggg 

       agcccttcca actggcctcc ctgcggggca aggtgctgct cattgagaac gtagcatcgc 

       tctgaggcac aacggtgcgg gactacaccc agatgaatga cctgcagcgg cgcctcggac 

       cccggggcct ggtggtactc ggcttcccgt gcaaccagtt tgggcatcag gaaaatgcca 

       agaacgagga gatcctgaat tgcctgaagt acgtccgacc aggcggtggg ttcgagccca 

       atttcatgct cttcgaaaag tgcgaggtca atggcgagaa ggcgcatccg ctcttcgcct 

       tccttcggga gactctgccc acgccaagtg acgacgccac tgctctcatg accgacccta 

       agttcatcac gtggtccccg gtgtgccgca acgacgtctc ctggaacttc gagaagttcc 

       tggtgggccc agacggtgtg cccgtgcgca ggtacagccg ccgctttctg accatcgaca 

       tcgagcctga cattgaaacc ctgctgtccc agggggcctc tgcctagggt gctcctctca 

       cccttgctgc ttggcggtca gcactgctct ccggggattt tgcccatgaa ggtgttccct 

       ctaaacctac gtggaggaat gcctgatgtc caggaaaatc ccctgaggtg ggcgctggtc 

       ctgtccatcc cagcctcccc tttcccagac cacagctcct catgaataaa agtgccagat 

       gtgagcagaa 
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C6  GPX2 

         Capra hircus glutathione peroxidase 2 (GPX2), mRNA 

         NCBI Reference Sequence: XM_005685982.3 

       gctaagtcat cctggggatg ttcaaagccc cattgtgaga tccttcctgg ctcctccttc 

       ctccccaccc ctttaatcga cccttaagtg ggctcacaag gctctgccgc tcactccgca 

       cgtccatcat ggcttacatt gccaagtcct tctacgacct cagtgctatc agcctggatg 

       gggagaaggt agatttcaat acattccgag gcagggcagt gctgattgag aatgtggcct 

       cgctttgagg cacaaccacc cgggacttca cccaactcaa cgagctgcag tgccgcttcc 

       ccaggcgcct ggtggttctt ggcttccctt gcaatcaatt tggacatcag gagaactgtc 

       agaatgaaga gatcttgaac agcctcaagt atgtccgccc tgggggtgga ttccagccca 

       ccttcaccct tgtccagaag tgtgatgtga atggtcagaa tgagcatcct gtcttcgcct 

       acctgaagga taagctcccc tacccttatg acgacccgtt ttccctcatg accgatccca 

       agttcatcat ttggagcccc gtgcgccgct cggatgtgtc ctggaacttt gagaagttcc 

       tcattgggcc ggaaggggag cccttccgcc gctacagccg caccttccaa accattaaca 

       tcgagcctga catcaagcgc ctcctcaaag ttgccatata gacactagca ggtctatttc 

       ctcctgccct gagtgtcttt cctgagcatc cactgtgccc tcagaagact gctgggccca 

       ggctttccct tcagatagtc cccttcactg aagagccttg cctttctggt ctgcctgttt 

       ccttcccctc cctgcaacct tctggttggt gattcagcct gaggctccaa ggcgtgggtg 

       ggctctgtgt cttcacagaa tgatggcacc gtcctaaatc tgtatgggca gtgtctgaga 

       agagtgaagg cctggagcca gcctgtgggc tgagtccaat aaagggtggg tgtggaaacg 

       gc 
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C7  SOD2 

         Capra hircus superoxide dismutase 2, mitochondrial (SOD2), mRNA 

         NCBI Reference Sequence: XM_018053428.1 

     ggggcgcgcg gggggcgggg ccgcggcggt ggtgtccttg cggctcagcc ccggacacga 

     gcgcatcgtc gcgggtcagc gcggcgcggc tactcgagct ctgagaggcc cacgggcagc 

     gtccaccatg ttgtcccggg cggcgtgcag cacgagcagg aaactggtgc cggccctggg 

     cgtgctgggc tcccggcaga agcacagcct ccccgacctg ccgtacgact acggcgccct 

     ggagccgcac atcaacgcgc agatcatgca gctgcaccac agcaagcacc acgcggccta 

     cgtgaacaac ctcaacgtcg ccgaggagaa gtaccgggag gcgctggaga agggtgatgt 

     cacagctcag atagctctgc agcctgcgtt aaagttcaac ggtgggggcc atatcaatca 

     cagcatcttc tggacaaatc tgagccccaa cggtggtgga gaacccaaag gggaattgct 

     ggaagccatc aaacgtgact ttggttcctt tgccaaattt aaggaaaagc tgactgctgt 

     atctgttggt gtccaaggtt ccggttgggg ttggcttggc ttcaataagg agcagggacg 

     cttgcagatt gctgcttgtt ctaaccagga tcccctgcaa ggaacaacag gtcttatccc 

     cctgctgggg attgacgtgt gggagcatgc ttattacctt cagtataaaa atgtcaggcc 

     cgattatctg aaggccattt ggaacgtgat caactgggag aatgtaactg cacgatacac 

     ggcttgcagc aagtaaaccg tcagccttac actgagtaca ccaagctctt tctgactgtt 

     tttgtagtag tgcagagaac cagataaacc agtacgctgc tctgttgtag tgtttctgag 

     cgtggcttgt tcaaaaattt gataaaaata atccactgct atggataatc tcttttaaaa 

     gtttgttatt aggcaactgt ttgaaaatgt taagtgcttt gtatgattta ggcttttgat 

     tgaacatttt cttcggagag ctaaactagc taggaggtgg tagttgtcat cataaaacca 

     tcaaaaaaaa cttcatcctc atgaagcctt tccaatcctg ttcaatcgca gttacagaaa 

     atctaatctt ttttgcccca gttgcttaat aatagaatat taaatttatt tcccaaggga 

     aatgctcagt tttctattga aaattgctct gttagtaatt ctctgtccag tattatttct 

     gatagttacc accccgtggt ctttaattat tttctgatca catgctacat agggttaaca 

     ctaaccattt tgtcattaaa aatatgtatg acttgattgc tgagtattgc tttattatga 

     gaaggaaata gtagtgcctc tgaatttttc tgtaggaaga aaaataaaga cttttgtgaa 

     attttgtctt gaaacataga aatgtgtgtt gtctaagcac tcaaaaggga caaattatgg 

     cctggttaat aaaatcaatg atagagctgt ggccacagaa cttctggctg ggcactcacc 

     cctcttctgg gtctgttcac gacgcctccc tctcgagaga accaggctgg ctcaggtcct 

     gcctcccaag tgatgaaaga catgttggtt tctggatgca gtcagacgca tgcccccctc 

     cagaacattt atttgcaaag gcttgttttt cagtaatttc atccattttg agtttttttt 
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     tttcttttgg aaaaggtata atcaatatag aagctttata ttgctttatt ggtttttcca 

     ataaaaggaa gactacccct aattcagtga caccgcaaat gacgttcctg cttagttttt 

     ttgattggag ctgttcagtg cagcagggtc ctttctgtat ttggcttcag gtgctccatg 

     tccatcatat ccctgctcaa aattaatggc tgtataatac tttatcagtt ggacacttcc 

     taatatattt tacagtccgg ttactgaaga tttgatttat ttctaattgt tattacaaat 

     aatgccatta tttgtggcag tccacatggc ttttaccttt ctattggaat attttctctc 

     tgtaggtttc ttttcttaaa ctatttagta acagggtgtt ttctcaaatt tattttttca 

     tttaaaaagt ttccccccaa ctctattatc tgtgtttttt ttttttttcc catagaaaaa 

     tggagtgact tagcagtttc aatattgaag actgaagttt tttaaaaaaa tttaaattca 

     aggcactttt cttttagagt tcaattagga aagcagtctt tctgaattgt caacagcatt 

     tatgagacta gtgtcaactg tgtgtgtgtg cgcttgtgga ttaaaatgac tcagagacta 

     tgatcgccat cctttatatg tcaagtaaag tggctttcat ggagcacagc taagagctga 

     gcgactgctg ctaacatgta tcttacatac acacatatat atgcctgtat atataaaggc 

     agttgtgtga ccactggtta tatgtatcct gtatacagat acacatgcct gaggaagtag 

     gacctttttg aaagatgggc ttttgactac aagtagtatt ctagatcatg aactatgaaa 

     agtaatgcag agactactgg catatcaagc tgttggactc ttactaagct ttacgactca 

     caaaaaattc aatgttgaaa tttctatggg gctctatttt tgctttgatt gtattaagtg 

     acaacaaggg aaagcatact gtactccact aaagttttgg attttaagag actgaagatg 

     gcatatgcaa tacagatttt aaccatccag cagaaaatta gattctaaga ttctgtttag 

     ccccgttttt cattgtagaa aagaaacaga aaaggtgaaa atagcatttt ttctggaaag 

     ggcaagtact gttcacccag gaagggtttt gtgaccgaag cagcagaagc tgctctagtc 

     tcagatgagc tgcagaaacc ttacttagca tgatcggtgc cgcaggggag caggatgagg 

     gacgaagagt gtttgtgaaa tagaactgtt gtgtaataat gaaactttga tactgagaaa 

     ttatagcttc actgcaaatc tcagattcgt gactctaaag tgagatttga gtttctgttg 

     agtgccttga aaaagtaaca tcgaaatcat aaaatttaag actgatgtac gctgtcagtc 

     acatcttaaa acgaggcaga aggtacgaat tgtgtttctt gtttgaattg cagaggaact 

     gctctttggg aaagctgtga ggtagctgtt ttgtaaatga catctcattt tcagtcacac 

     tctcacagtc ccatcaagct aacattctgt gttctaaggt acatgtggta cctactaaga 

     atcctgtaag gtcctggaaa gttttcattt aattattcat taaaggagca tttattttca 

     tattgtaggt gtgaagtttt ttgattgcca ataaaagaat ctgtttgcca 
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C8  SOD3 

         Capra hircus superoxide dismutase 3 (SOD3), mRNA 

         NCBI Reference Sequence: NM_001285675.1 

      atgccggcgc tgctctgtgc ctctctgctc ctggtggcct gtgcctcggc cgcctcggcc 

      gaccaggtcc agcagcagat gggctccaac acggaggagc agatccgcga catgcacgcc 

      aaggtgacgg agatctggca ggagatgatg cagcggcagg cggcggccat cgacccggac 

      gcggcgctcc atgcggtctg ccgggtgctg ccgtcggcca cgctggaggc ggagcagccc 

      cgggtcagcg gcctcgtgct cttccggcag ctccggcctg gcgccctgct ggaggccttc 

      ttccaccttg agggcttccc gaacgagccc aacggcacaa gccgcgccat ccacgtgcac 

      cagtttgggg acctgagcca gggctgcgac tccaccgggc cgcactacaa cccgatgtcc 

      gtgctgcacc cgcagcaccc gggcgacttt ggcaacttcg cggtgcgcga tggccaggtc 

      tggaagtacc gctccaacct ggctgcctcg ctcaccggcc cgcactcgat cgcgggccgt 

      gctgtggtgg tccacgcggg cgaggacgac ctgagccgcg gcggcaatca ggccagtctg 

      gagaacggta acgcgggacg ccggcttgcc tgctgtgtgg tgggtctgtg cggccccggg 

      ccctgggcgc accaggcgca ggagaacgcg gagcgcaaga agcgacggcg cgagagcgag 

      tgtaaggacg tctga 
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C9  CAT 

Capra hircus catalase (CAT), mRNA 

NCBI Reference Sequence: XM_005690077.3 

     gcggagtctg aagtcgccta tttcagctgc ggcgctggag acgcgtgagc cgagcccacc 

     tgcaaagttc tgcagcgccg ctcagacacc atggcggaca accgggatcc agccagcgac 

     cagatgaaac actggaagga gcagagggcc gcgcagaaac ctgatgtcct gaccactgga 

     gccggtaatc cagtaggaga caaactcaat gttctgacgg tagggccccg agggcccctt 

     ctcgtccagg atgtggtttt cactgatgaa atggctcact ttgaccggga gagaattcct 

     gagagagtcg tgcatgccaa aggagcaggg gcttttggct actttgaggt cacacatgac 

     attaccagat actccaaggc gaaggtgttt gagcatattg gaaagaggac gcccattgca 

     gttcgcttct ccactgttgc tggagaatca ggctcagctg acacagtgcg tgaccctcgt 

     ggctttgcag tgaaatttta cacagaagat ggtaattggg atcttgttgg aaataacacc 

     cccattttct tcatcaggga tgctctactg tttccgtcct ttatccatag ccagaagaga 

     aaccctcaaa cacacctgaa ggatccggac atggtctggg acttttggag cctgcgtccc 

     gagtctctgc atcaggtttc cttcctgttc agtgatcgag ggattccaga tggacacagg 

     cacatgaacg gatatggatc gcatactttc aagctggtta atgccaatgg agaggcagtt 

     tattgcaaat tccattataa gactgatcag ggcatcaaaa acctttctgt tgaagatgca 

     gcaagacttg cccacgaaga ccctgactac ggcctccgcg atcttttcaa tgccatcgcc 

     acaggcaact acccctcctg gactttatac atccaggtca tgacatttag tgaggcagaa 

     acttttccat ttaatccatt tgatcttact aaggtttggc ctcacaatga ctaccctctt 

     atcccagttg gtaaactggt cttaaaccgg aacccagtta attactttgc tgaagttgaa 

     cagttggctt ttgacccaag caacatgcca cccggcatcg agcccagccc tgacaaaatg 

     cttcagggcc gccttttcgc ctatcctgac actcaccgcc accgcctggg acccaactat 

     ctccagatac ctgtgaactg cccctaccgt gcgcgagtgg ccaactatca gcgcgacggc 

     cccatgtgca tgatggacaa ccagggtggg gctccaaatt actaccccaa tagctttagt 

     gctcccgagc atcagccttc tgccctggaa cataggaccc gcttttctgg ggatgtacag 

     cgcttcaaca gtgccaacga tgacaatgtc actcaggtgc gggatttcta tttgaaagta 

     ctgaatgagg agcagaggaa acgcctgtgt gagaacattg cgggccatct gaaagacgca 

     cagcttttta tccagaagaa agcggttaag aacttcagtg atgtccatcc tgaatatggc 

     tcccgcatcc aggctctttt ggacaaatac aatgaggaga aacctaagaa cgcagttcac 

     acctatgtgc agcatgggtc tcacttgtct gcaagggaga aagctaatct ctgagggtcg 

     ggggccctgg tcctgcacca ccttgccgtc cgcctatgaa gcaaagcctg tgttcacacc 
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     tgtgcccact gatcactgga tggaagattc tcctgcacta gacgtgcaaa tgcaagtttg 

     tgtctgcaaa atgataatcc agatttctat cgcaaatgat gtaataatgg cttttaatcc 

     cactttcctg tgggtgaatg aaggttaggg cttaacaatc atttaaaaga aacatgtatt 

     tgcttttgac agctgattat tcacttaaaa tgactagaat gaaagtttct agcagaaata 

     cgattttatt tgacaagaaa aagtcttggt gacattaatg tttacatatc atctcatggc 

     ctattttata aaactatcac tgtaattata taagaagaaa agataaagat aatttactga 

     gaaatttaag tttttccaag ttcccatgag gaagaacaca ttgctatctt ttgaaaataa 

     cttcagcacc atcatggctt gatgtttatt cctgctttga attaatcaga tttttaaaaa 

     cttggaatta catttatcct aatacagcac tgattttgca gtagactgat ttgtaattgc 

     tttccttttt ccaataaaat aatgtgtaaa taaaaataga a 
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C10  GAPDH 

         Capra hircus glyceraldehyde-3-phosphate dehydrogenase (GAPDH), mRNA 

         NCBI Reference Sequence: XM_005680968.3 

      tcccttataa attcgggctg cagcctcctc ctgcgctctc tgctcctgcc cgttcgacag 

      atagccgtaa cttctgtgct gtgccagccg catccctgag acaagatggt gaaggtcgga 

      gtgaacggat tcggccgcat cgggcgcctg gtcaccaggg ctgcttttaa tactggcaaa 

      gtggacatcg ttgccatcaa tgaccccttc attgaccttc actacatggt ctacatgttc 

      cagtatgatt ccacccatgg caagttccac ggcacagtca aggcagagaa cgggaagctc 

      gtcatcaatg gaaaggccat caccatcttc caggagcgag atcctgccaa catcaagtgg 

      ggtgatgctg gtgctgagta cgtggtggag tccactgggg tcttcactac catggagaag 

      gctggggctc acttgaaggg tggcgccaag agggtcatca tctctgcacc ttctgctgat 

      gcccccatgt ttgtgatggg cgtgaaccac gagaagtata acaacaccct caagattgtc 

      agcaatgcct cctgcaccac caactgcttg gcccccctgg ccaaggtcat ccatgaccac 

      tttggcatcg tggagggact tatgaccact gtccacgcca tcactgccac ccagaagact 

      gtggatggcc cttccgggaa gctgtggcgt gatggccgag gggctgccca gaacatcatc 

      cctgcttcta ctggcgctgc caaggccgtg ggcaaggtca tccctgagct caacgggaag 

      ctcactggca tggccttccg cgtccccacc cccaacgtgt ccgttgtgga tctgacctgc 

      cgcctggaga aacctgccaa gtatgatgag atcaagaagg tggtgaagca ggcgtcagag 

      ggccctctca agggcattct aggctacact gaggaccagg ttgtctcctg cgacttcaac 

      agcgacactc actcttctac cttcgatgct ggggctggca ttgccctcaa cgaccacttt 

      gtcaagctca tttcctggta tgacaatgaa ttcggctaca gcaacagggt ggtggacctc 

      atggtccaca tggcctccaa ggagtaaggt ccctggaccc ccagccccag caggagcacg 

      agaggaagag agagttcctc agctgctggg gagtcctgcc ccacctccac cacactgaga 

      atctcccgac ctccacacat ttccatcccc aaggccctga ggaaagggat gggcttaggg 

      agccctgcct tgtcacgtac catcaataaa agtaccctat acccag 
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The genes for sequencing results 

 All samples sent to Pacific Science Co., Ltd. (Bangkok, Thailand) for 

sequencing. 

 

D1 NFE2L2 

NFE2L2-R: TGATGCCATGCTTGGACTTG 

 

Company result: 

CGGCTGAGGCTTCATCAAACCACCCTGAAGCACAACAGCAGAATTCA

ATGATTCTGACTCTGGCATTTCACTGAACACAACAAGTCCAAGCATGGCAT

CAA 

 

Complement result: 

TTGATGCCATGCTTGGACTTGTTGTGTTCAGTGAAATGCCAGAGTCAG

AATCATTGAATTCTGCTGTTGTGCTTCAGGGTGGTTTGATGAAGCCTCAGC

CG 

 

BLAST result: 
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D2 HSF1 

HSF1-R: CAGCGAGATGAGGAACTGGA 

 

Company result: 

GTGGGTGGCGAAGTGGCAGCCTGCGGCAGAAGCACGCCCAGCAACAG

AAAGTCGTCAACAAGCTCATCCAGTTCCTCATCTCGCTGA 

 

Complement result: 

TCAGCGAGATGAGGAACTGGATGAGCTTGTTGACGACTTTCTGTTGCT

GGGCGTGCTTCTGCCGCAGGCTGCCACTTCGCCACCCAC 

 

BLAST result: 
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D3 hspA1A 

hspA1A-R: TGGACGTGTTGAAGTCGATG 

 

Company result: 

GACCCTTAGCGCTGCTTCTGGTCGCGCGAGCCGGACGAAGAGGACCTT

GTCGTCCAGCACCCAGGCCAGCCTGGAGATCGACTCCCTGTTCGAGGGCAT

CGACTTCAACACGTCCAA 

 

Complement result: 

TTGGACGTGTTGAAGTCGATGCCCTCGAACAGGGAGTCGATCTCCAGG

CTGGCCTGGGTGCTGGACGACAAGGTCCTCTTCGTCCGGCTCGCGCGACCA

GAAGCAGCGCTAAGGGTC 

 

BLAST result: 
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D4 TNF  

TNF-R: ATGAGGTAAAGCCCGTCAGT 

 

Company result: 

GAGCCCGGACTGAAGAACCAGCTGGTGGTGCCCACTGACGGGCTTTA

CCTCATA 

 

Complement result: 

TATGAGGTAAAGCCCGTCAGTGGGCACCACCAGCTGGTTCTTCAGTCC

GGGCTC  

 

BLAST result: 
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D5 GPX1 

GPX1-R:  TCGGACGTACTTCAGGCAAT 

 

Company result: 

GAACTTGGGCTCAGCTATATGCCATCAACGAGGAGATCCTGAATTGCC

TGAAGTACGTCCGAA 

 

Complement result: 

TTCGGACGTACTTCAGGCAATTCAGGATCTCCTCGTTGATGGCATATA

GCTGAGCCCAAGTTC 

 

BLAST result: 
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D6 GPX2 

GPX2-R: AAAGACACTCAGGGCAGGAG 

 

Company result: 

GTGGGACCGTCATCAGCGCCTCCTCAAGTTCGCTATATAGACACTAGC

AGGTCTATTTCCTCCTGCCCTGAGTGTCTTTA 

 

Complement result: 

TAAAGACACTCAGGGCAGGAGGAAATAGACCTGCTAGTGTCTATATA

GCGAACTTGAGGAGGCGCTGATGACGGTCCCAC 

 

BLAST result: 
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D7 SOD2 

SOD2-R:  AATAAGCATGCTCCCACACG 

 

Company result: 

GGGGGGTGTGCTGCTCATAGGAGCAGGGACGCTTGCAGATTGCTGCTT

GTTCTAACCAGGATCCCCTGCAAGGAACAACAGGTCTTATCCCCCTGCTGG

GGATTGACGTGTGGGAGCATGCTTATT 

 

Complement result: 

AATAAGCATGCTCCCACACGTCAATCCCCAGCAGGGGGATAAGACCT

GTTGTTCCTTGCAGGGGATCCTGGTTAGAACAAGCAGCAATCTGCAAGCGT

CCCTGCTCCTATGAGCAGCACACCCCCC 

 

BLAST result: 
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D8 SOD3 

SDO3-R:  ACGGACATCGGGTTGTAGTG 

 

Company result: 

GCGGGTAAGGGACTGCGACTCACCGGGCCGCACTACAACCCGATGTC

CGTA 

 

Complement result: 

TACGGACATCGGGTTGTAGTGCGGCCCGGTGAGTCGCAGTCCCTTACC

CGC 

 

BLAST result: 
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D9 CAT  

        CAT-R: 5’AACTGCCTCTCCATTGGCAT3’    

        Reverse of CAT-R: 3’TACGGTTACCTCTCCGTCAA 5’ 

 

Company result: 

CGCGATCGGCCATGACGGATATGGATCGCATACTTTCAAGCTGGTTAA

TGCCAATGGAGAGGCAGT 

 

Complement result: 

GCGCTAGCCGGTACTGCCTATACCTAGCGTATGAAAGTTCGACCAATT

ACGGTTACCTCTCCGTCA 

 

BLAST result: 

 
 

         

 

 

 

 

 

 

 

 

 

 

 

 

 

 



158 

 

D10 GAPDH 

GAPDH-R:  GTACTCAGCACCAGCATCAC 

 

Company result: 

GGGGGTCTAATGGAGGCCATCACCATCTTCCAGGAGCGAGATCCTGC

CAACATCAAGTGGGGTGATGCTGGTGCTGAGTAC 

 

Complement result: 

GTACTCAGCACCAGCATCACCCCACTTGATGTTGGCAGGATCTCGCTC

CTGGAAGATGGTGATGGCCTCCATTAGACCCCC 

 

BLAST result: 
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